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The oxygfflgjta'eces&ary for fchist<eombu$tion is fvirnishe^ 
the atmo^ere. With eyery fcSiath w&_take JWFOxygen, 
^h every breath we |^ve out carbon dioxide and wafer. 

'7 ^hus wejjsliay compare" the animaT body to a heat engine/ 
The fuel, the source^ of energy, is represented by food. The 
inlet for the draught of air and the outlet for the waste 
gases, the products of combustion, are both combined in one 
organ, the lungs , which we ijse to take in oxygen and give 
out GOj and water; and just as the coal used in engines has 
some incombustible constituents which remain as ftsh and 
have to be raked out, so there are parts of our food which 
the body cannot make use of, and which leave the body as 
excrementitious matter or fmccH . having passed through the 
alimentary canal without at any time having formed part of 
Ihe tissues. There are still two constituents of foodstuffs 
which have to be got rid of after the elimination of GOg and 
HjO by tjie lungs—^namely, the nitrogen and sulphur con¬ 
tained in the proteins. This function is served by the 
Hdneys. The nitrogen is combined in the body with carbon 
and oxygen to form a substance called urea , and in this form 
is excreted by tlje kidneys, together with salts and w^ter, as 
mine. The sulphur is oxidised to a sulph^e, and i^ this 
form also app^rs in the urine. 

We must mention here that water and salts are indis¬ 
pensable and invariable components of the l^ither 

of these possesses any potential energy, but they^re essential 
constituents of ■♦U living substance^, and must be taken to 
replace the loss of them from the lungs, skm, and kidneys, 
the water formed in the body by the oxidation^of 'the 
hydrogen of this foodstuffs being far toct-small to compensate 
this loss. + 

The income and outpnj of the body may he;; arranged in' 
ihe fom of an equation— 


Food + oxygen taken up = foBoea + + m’ea 



and in the same way we may make an equation of the 
income and output of energy— 

Energy set free by burning of food to CO2, H2O, and mea 
= work done by body + heat given ofl*^ 


The truth of these equations has been proved by many 
elaborate observations both on animals and men. 
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Thus from one point of view phj^iology ro^ be regarded 
a? the history of all the changes undergone by the food iu 
its passage through the body, and the mechanisms by whicli 
its potential energy is transformed into the kiiietic energy^ 
the various vital manifestations. 

But this analogy with the heat engine must not be pushed 
too far. In this the fuel, the source of energy, is always 
distinct from the machinery by which its energy is converted 
into work. In the body it is otherwise. The food that we 
take in is digested, assimilated, and built up to form part of 
the livmg framework of the body. This living stuff at the 
same time takes up oxygen, so that a molecule is formed 
containing all the elements necessary for evolution of energy. 
Under eertam conditions the foodstuffs and the oxygen in the 
living molecule combine together, the unstable hvmg molecuJte 
of high potential energy sphttmg up to form stable compounds 
with lower potential energy, a certain amount of energy m the 
form of heat or work being rendered kmetic or actual m the 
process. So the changes that the foodstuffs undergo in 
their passage through the body may be divided into two main 
stages: 

(1) Assimilative or anabohc changes ,—The food that is 
absorbed from the alimentary canal, and the oxygen that is 
taken in through the lungs, are built up mto and become 
actual constituents of the livmg protoplasmic molecule. 
These procQgses, which are spoken of under the term ana- 
holism, are associated with evolution of very little energy; or 
it is possible that energy may become latent in the process, the 
buildmg up bemg effected at the expense of some previously 
formed unstable compound. 

(2) Biss%milaUve or hatahoho changes ,—These are the 
changes which are always associated with activity, that is, 
With the manifestation of some form of energy (heat, work, 
electrical change, etc,). The molecule of protoplasm breaks 
down, most of the atoms arranging themselves to form the 
stable compounds, COg, water, and perhaps urea, just as a 
molecule of nitro-glycerin when struck explodes with great 
evolution of heat, and with the formation of stable and more 
simple molecules. But in the living body the explosion is 
rarely (imder physiological conditions) complete. There is 
always a remainder which does not undergo decomposition, 
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and which y™fc d ow with the attribute ot^Uvmg, since it 
Assesses thc H^er of seli-restitu^on, ^d can tahe up food- 
.fljndfB an d oCTg en. and so build itself up again into the aanae 
^^stable mflill^Te as before^ ready to break down in part and i 
^ve’rwe to^m ejlQ energy. 

These changes of breaking down of a highly complex j 
living molecule, with the evolution of energy, are spoken of f 
under the general heading of hatabohsm. 

Before treating these processes any further, we must pause 
awhile to consider the manner in which the body is built up, 
and what are the essential morphological characters common 
to all forms of life. This unity in the structmral basis of all 
living bemgs will be seen better after a study of one of the 
simplest forms; and as a type of these we may take the well- 
worn example of the amoeba. 

This is a minute organism of variable size, found in stag¬ 
nant water and in damp earth. If we examine it under the 
microscope we find that it consists of a small lump of trans¬ 
parent material, which can be shown by chemical tests to 
belong to the protem group of bodies. But it is distinguished 
from a mass of inert protem by the facts that it is able to 
mgest and digest food and build it up into its own substance, 
that it can move about from place to place, responds to 
stimulation by contracting up mto a round ball, and has the 
power of reproduction by fission—that is, one amoeba divides 
into two mdividuals exactly similar to the parent organism 
and to one another; in short, this little lum^i is ahve. 

We find that there is some trace of differentiation even m 
this primitive organism. Thus towards the centre of the 
lump is a spheiical or oval body (a nucleus), differing slightly 
m its chemical characters from the surrounding substance, 
which latter may also be differentiated into an inner granular 
or spongy portion, the en^saro, and a peripheral hyalme 
matenal, the ectosaro. 

The stuff composing the body of the amoeba and endowed 
with vital properties is called 

The term ‘protoplasm’ has been used in.two senses. By 
histologists it IS confined to a substance found in living bodies, 
or bodies that were once alive, and reactmg in certam ways 
with certam stains and reagents. In this book however, 
we shall use the term as a convenient expression for the 
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substance foiming the active living basis of all our tissues, 
although analysis may show considerable differences in its 
chemical composition in various organs. Protoplasm is in 
fact livmg stuff. 

The little mass of protoplasm enclosing a nucleus is called 
a cell. Smce however there are living organisms in which 

Fia. 1 
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Figure of amceboid ooi’pusole, highly magmiled, showing elongated 
nucleus, endosoio, and eotosaro (Schafer) 

no trace of a nucleus is to be discovered by the most improved 
methods, we do not regard its presence as essential to our 
conception of a Cell. 

Now we find that all the higher animals, mcluding our¬ 
selves, are made up of enormous aggregations of sunilar 
nucleated masses of protoplasm, and may be regarded as 
colonies of amcebse. But just as in a colony of men, with 
increasing growth of the community there is increasing 
differentiation of function, so ia us some cells are eminently 
assimilative and digestive, others respiratory, otheis mojtile, 
while some are set apart for the purposes of reproduction. 

Hand in hand with this physiological goes morphological 
differentiation—that is, the structure of each group of cells 
becomes modified to fit it for carrymg on its own work and 
its own work alone. 

Thus the motor cells do all the external work requu’ed by 
the whole organism, both for pm’poses of defence and offence. 
Under this lattei head we may class the work of geltmg 
food, since this must always be at the expense of some other 
hving organism. In return for this they are supplied with 
food, water, and oxygen m an assimilable form by the activity 
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of other groups of cells, just as a soldier—the eomuiunity’s 
instrument of offence and defence—is clothed, fed, and housed 
at the expense of the oommuniiy for which he worts. 

A ccllection oL cells, modified and built up together for i 
some particular function, is called an organ when we are ' 
considering its physiological import, or a tissue when we J 
regard only its morphological aspect. 

r/w Assvmlatwn of Food 

In some of the lowest forms of animal life, food can be 
taken in at any part of the surface of the body. In the 
amoeba we can observe the whole process with the microscope, 
and we see how the particle of food that has been taken in 
undergoes partial solution—that is to say, part of it disappears 
and apparently becomes built up into the living stuff of the 
organism. The remnant that cannot be dissolved is again 
turned out of the body through any part of the surface. 

The processes by which these mmute animals assimilate 
food are very similar to those taking place in man and allied 
forme, only in the latter we find that there is a differentiation 
of function, a division of labour in which some cells of the 
body take up one part of the work of assimilation, while other 
cells are told off to carry on another part; and we are able to 
study the whole process much more fully since we can take it 
bit by bit. In man the work of taking up food is still per¬ 
formed by the surface of the body, but it is a special part of 
the smrface, highly differentiated, and protected by its position 
and certain mechanisms from coming m contact with anything 
except food, so that it may devote its whole energies to this 
one function. 

AU the higher animals may be considered as built m the 
form of a tube, the external surface of which is differentiated 
for purposes of defence, and therefore forms also the organs 
by which the processes of the body act m harmony with 
chsinges in its environment. 

The mternal surface, on the other hand, is the special 
alimentary sm'face, and is called the alimentary canal. 

Between these two surfaces the wall of the tube contains 
the supporting tissues of the body, the bones, etc., and also 
the organs for the conversion of the potential energy of the 
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food into motion and work, the muscles. In all the highe 
ftTn’mftlfl cavities are developed between the two surfaces j 
the substance of the middle layer—the body-cavities, repn 
sented in man by the pleural and peritoneal cavities; so tht 
the alimentary canal for a considerable part of its course i 
coimected with the body-waU only by one side, and seems t 
hang down into the peritoneal cavity. 

The tube of special alimentary cells forming the digestiv 
canal is surrounded by motor cells derived from the middl 
layer. These serve to drive the food from one end to th 
other, and to expel the innutritious matter. 

In order to get a greater number of working cells, ther 
are reeeBs es.of_t h.e_g.U £ffte9-. lmed . y'ith c^^s. which are calLei 
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Diagram Blowing lelaiions of embryonio layeis e Bpiblaatic oi 
outer layer, h. Hypoblastio or alimentary layei m Mesoblostie 
or nudcUe layer, b Body cavity, n Central neivous system. 
al Alimentaiy canal 

g lands , and proiiiljflraac^ .W the lumen of the tubp, whict 
are caUad. villi. Even among the cells of the alimentarj 
surface there is differentiation of function. T hus the c ells. ol 
t he glanda .jnan.nfactm*e andL 4 )om’ out JuidSj varying in com¬ 
position and action at different parts, which _haye the pawfir 
of m pistenmg and dissQlvieg the constitj^snia .ot-the_jQQd, 
while the cells covering the v illi seem more es neoiall y adap ted 
abegrbi ng t he foo d after it has been digested^andj'endered 
soluWe. The gla n ds, m ay be simple tubular receasee m the 
mucous membrane, or may bran ch to such an extent as to 
form, a-bulk y o rgan. The liver is a type of such an overgrown 
process of the .ahmentary epithelium. This latter organ, 
however, has other important functions to perform besides the 
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iuere Bolution of foodstuffs. It is to a large extent concerned; 
in further elaborating the foodstuffs after they have been' 
absorbed into the body, so as to make the function of self¬ 
nutrition still easier for the other servants of the organism. 

We may here run through the various parts of the airmen -1 
tary canal, with the glands opening mto it. From the mouth, » 
where the food is chiefly broken up by the teeth and moistened 
by the saliva, which is secreted by the salmary glands, the 
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Diagiam of alimentai'y canal m Mouth with salivary glands, b, 
opening mto it oe ^ Esophagus st Stomach d Duodenum with 
paneleas, r, and Uver, 1 , opening mto it int Small mtestine 
cfB. CBBCum c Colon, r. Beotum a Anus 


food passes through the tubular oesophagus or gullet into the 
stomach. This is a saccular dilatation of the canal, situated 
in the upper part of the abdomen. In it the foodstuffs are 
acted upon by the gastric juice, secreted by small tubular 
glands, and the dissolved products are partly taken up or 
absorbed. 

After the stomach the alimentary canal becomes narrowed 
again to form the small intestine. In man this is divided 
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into three main divisione—the duodenum, about nme mches 
long; and the jejunum and ileum, about twenty feet long. 

Into the upper part of the duodenum t wo g lands, the liver 
and pancreas, pour their juices, while the whole internal 
sm'face is taken up with vili and tubular glands (crypts of 
Lieberkuhn), so that digestion and absorption go on simulta¬ 
neously. The ileum leads into the colon or large mtestine. 
This is about twice as wide as the small intestme, from which 
it is separated by a valve, the ileo-coHc valve. Its mternal 
.surface is entirely taken up with tubular glands, no villi being 
present. In th is part of the canal absorption.pxobably pre¬ 
dominates over digestion. The lower part of the large intes¬ 
tine is the rectum, and opens by an aperture, the anus, on the 
surface of the body, by which the indigestible residue of the 
food, forming the faeces, is discharged. 

Circulation of the Blood 

In order that the foodstuffs taken up by the cells lining 
the alimentary canal should be distributed to all parts of the 
body, there must be some means of transporting the food. 
This means is furnished by the blood. All the tissues of the 
body are supphed with a close meshwork of deUcate tubes, 
called capillaries, the walls of which are formed by a single 
layer of cells. This layer is permeable to fluids, so that the 
surrounding tissues are practically m contact with the blood 
in the capfllary tubes, and can take up nourishment from or 
give off their effete material to it. These capillaries com¬ 
municate with larger tubes which have thicker walls, and 
these lead to and from a hollow organ with thick muscular 
walls—the heart. 

The heart is divided into four cavities, two auricles and 
two ventricles, each auricle bemg separated from the adjoin¬ 
ing ventricle by valves. These valves are so arranged that, 
when the heart contracts and diminishes its capacity, the 
blood can flow only in one direction. We may compare it to 
an enema syringe in which the compressing force is in the 
elastic wall instead of being supplied by the hand of the 
experimenter. 

The tubes taking the blood from the heart to the tissues 
have thick elastic walls, and are called arteries ; while those 
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b rioging th^ MofidJback frjm.tll'PiWfiBea are called ,veit^ 
ha^e th^er and more^ d^t^jeiJjle walla- 



Diagram of oapillanes m frog’s web 


Fig. 5 ehowB the course taken by the blood in its circula¬ 
tion through the body, as it is impelled by the contractmg 
heart. 
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Diagiam of circulation lv Left ventiiole la. Left auricle 
B Y. Eight ventnole b a Eight auricle ao Aorta, s o Sys¬ 
temic capillaries al Alimentary canal p Portal vein l Liver 

H V Hepatic vein p o Capillaries of lungs 


starting from the left ventricle, the blood is propelled 
through the aorta into the systemic arteries, and thence into 
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the capillaries supplying the head, neck, body, lunbs, and 
alimentary canal. 

Prom the capillaries of the alimentary canal the blood 
flo\ys into a number of veins, which unite to form a large 
vessel, the portal vein. This then enters the substance of the 
liver and breaks up again into a number of capillaries, which 
ramify and anastomose round the hepatic cells. 

The blood from these capillaries is again collected into 
a large vessel, the hepatic vein, which flows into the inferior 
vena cava. This latter vessel also conveys blood from the 
back, lower limbs, and kidneys. 

The superior vena cava with the blood from the upper 
extremities and head and neck, and the inferior vena cava 
open into the right auricle. 

Prom the right auricle into the right ventricle, then along 
the pulmonary artery which breaks up into innumerable capil¬ 
laries in the lungs (forming the lesser citmlation), then from 
the pulmonary eapfllaries along the pulmonary veins, the 
blood reaches the left auricle, from which it flows into the left 
ventricle, having completed its whole circulation. 

Bespiration and ExcreUon 

We have hitherto spoken of the blood only as a medium 
for the distribution of food to the various tissues. But it is 
more than this. Every cell, every protoplasmic unit of the 
body, to live, must be supplied with oxygen, and must be able 
to get rid of the products of its activity, namely, CO^ and urea, 
or some body allied to urea. In all these functions the blood 
acts as the middleman between the ceU hidden deep in the 
body and the cell on the surface of the body. 

Thus as the blood flows through the lungs, it is separated 
from the air in the cavities (alveoli) of this organ only by 
the thinnest possible layer of cells. Here we find that the 
blood changes its composition, giving up CO^ and taking m 
oxygen. 

When the blood reaches the tissues, a process the reverse 
of this takes place (‘ mtemal respiration ’), the cells of tbe 
tissues takmg up oxygen and giving up COj to the blood. 

The cells also discharge their nitrogenous waste products 
into the blood, which immediately carries them to the kidneys. 



In these organs again we find a single layer of cells between 
the blood-capillaries and a cavity which is m free co mmnni - 
cation with the exterior. It is these cells which take up the 
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Diagram of lung tissue, showing—b Capillary blood-vessels m walls 
of alveoli e Epithelium hmng the alveoh f. Out edges of 
alveolar walls, consistmg of oonneotive tissue fibres and elastio 
tissue 
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Diagiam of kidney av Afferent blood-vessel, ev Efferent blood¬ 
vessel. 0. Loop of capillanes e Seoretmg epithehum u Urinary 
tubule leading to bladder and exteiior 


waste products of the other tissues from the blood and dis¬ 
charge them into the urmary tubule, together with water and 
salts, as urme. From the urmary tubule the urme flows down 
the ureter mto the bladder, whence it is voided periodically. 

Thus the blood is continually taking up food from the 
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alimentary canal and oxygen from the lungs, and carrying 
them to the tissues. Here it parts with them and receives in 
return the products of tissue change (which are indeed only 
the products formed by the union of the oxygen with the food¬ 
stuffs), and carrying these away discharges them on the 
exterior of the body by means of the lungs and kidneys. 


Muscular Tissues 

Betaining om' comparison of the human body to a heat 
engine, we have still the most important part of the mecha¬ 
nism to consider—^namely, that part in which the heat produced 
by the oxygenation of the food is converted into motion and 
so performs work. 

This is effected by specialised groups of cells united together 
to form the muscles. These are deshy masses attached at two 
ends to the bones and other supporting tissues of the body. 
They are capable under certam circumstances of shortening, 
that is to say, approximating the points to which their two 
ends are attached against resistance, so that they do work. 
Thus the biceps muscle of the arm is attached above to the 
shoulder-blade, and below to the radius, one of the bones of 
the forearm. When it contracts, it thickens and shortens, 
and draws up the forearm so as to bend the elbow-joint. 
Thus it may do work in two ways. If the shoulder is fixed, 
contraction of the biceps will raise a weight held in the hand; 
or the band may be fixed, as in hanging on a horizontal bar, 
BO that the effect of contraction of the muscles is to raise the 
shoulders and with them the whole body. 

We also find muscular tissue, though less highly differen¬ 
tiated, in the interior of the body surroundmg the heart, 
blood-vessels, and alimentary canal. It is by the contraction 
of these hollow muscular tubes that the blood is set in motion, 
and the food propelled from one end of the alimentary canal 
to the other. 


Co-ordi‘naUon and Beaotion 

Here our analogy of the heat engine must cease. For 
whereas an engine needs engineers and stokers to determine 
its work and keep it supplied with fuel, a man’s body goes 
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on seeking oat food and feeding itself and working for sixty 
or seventy years. 

According as the external circumstances vary, so a man 
must do more or less work, must take more or less food. 
Moreover, in such a complicated mechanism as the human 
body, there must be a dehcate adjustment of the actions of 
the various organs to one another, so that the part which is 
doing most work should be best supplied with nutriment and 
oxygen, and no part waste its stored-up energies in doing 
useless work. 

Thus there is an adaptation of the actions of the body as 
a whole to the requirements of its environment (‘necessity ’), 
and also mutual adaptation within the body of the actions of 
the various organs to one another. This harmonious working 
of the body and all its parts is effected by the governing and 
directing power of the central nervous system, the brain and 
spmal cord of all the higher animals. 

In comparing the human body to a tube, we alluded to 
the outer layer of cells as especially set apart for the purpose 
of protection, and for regulatmg the events of the body 
according to the changes in the environment. Very early 
in development however, we find that a part of this surface 
becomes involuted into a groove, the walls of which close 
over so as to form a canal—the primitive neural canal. 
The latter then becomes cut off for most of its extent from 
the external surface by an ingrowth of the middle layer or 
mesoblast 

The cells forming the walls of the canal grow and mul¬ 
tiply, so that finally the canal is extremely minute in propor¬ 
tion to these walls. 

The spinal cord retains this primitive form of a canal 
with thick walls. At the anterior end of the body (head 
end) this canal becomes dilated, and sends out lateral and 
mesial prolongations. The walls of these also become 
thickened at some places and thinned at others, so that finally 
a bulky comphcated organ is produced which we call the 
brain. 

In figs. 8, 9, and 10 the different parts of the central 
nervous system are shown diagrammatically, and from these 
the origin of the whole brain and spinal cord from a simple 
canal pinched off from the epiblast will be evident. 
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But this tube of specially ‘ reactive ’ or, as we shall always 
call them, nerve-eeUs, still remains connected with the 
periphery by strands of protoplasm which we call nerves. 


Pig. 8. 
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Diagrams showing formation of the nervous centre (bram and spinal 
cord) by a tuolang-m of the outer or epiblastio layer, e Bpiblast. 
m Mesoblast h. Hypoblast n o Neuial oanaJ. n g. Neural 
groove. 

These strands m many cases end close under the surface of 
the skm in various forms of cells, specially differentiated for 
feeling different lands of stimuli. 

Pig 9 



Diagram of the cerebral vesioles of the bram of a chick at the second 
day(Cadiat) 1,2,3 Cerebral vesicles. 0 Optic vesicles 

By this means the central system may become aware 
of all the changes occurring at the periphery of the body. 



Bttt it is necessary that the or.gamBiii should be able to 
react to change's in its surroimdings, and we find that very 
early in the development of the body certain cells m the 
wall of the tube send out long protoplasmic processes which 
become connected with the muscles, glands, heart, and blood¬ 
vessels. Through these processes impulses descend from the 
brain or spinal cord in response to stimuli which have pro¬ 
ceeded up the sensory nerves from the periphery. 

This change in the intra-corporeal events determined 
change in the extra-corporeal through the intervention o. 
central nervous system is called a reflex action. The mea 
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Longitudmal section through brain of chick of ten days (after 
IVfihalioTioz). olf Olfactory lobes h. Cerebial hernlsphere, 
Iv Lateral ventnole. pm Pmeal gland, bg Corpoia bigemma, 
cbl Oerebellcmi o o Optic commissure, pit Pituitary body, 
pv Pons Varolu m.o Medulla oblongata v®, v^. Thud and 
fourth ventndea 


of this term must be carefully home in mind, since we shall 
meet with examples of it m every stage of our subject. In 
fact, the whole of an animars life may be looked upon as one 
Isag^se^ioft^of reflex; actions. 

Perhaps the idea will be rendered more concrete by an 
example. P we decapitate a frog and then dip one of its toes 
into dilute acid, the leg is drawn up. 

This reacUoii may be prevented in any one of the follow¬ 
ing ways: 

1, Section of the sensory (afferent) nerves from the toes 
to the spinal cord. 

2, Destruction of the spinal cord. 

3. Section of the motor (efferent) nerves coming from the 
cord and running to the muscles, 

4. Destruction of the muscles of the leg. 
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TIitw the e lementa compoamg a reflex arc are — 

I (1) A sentient surface (such as the skin) connected by— 

I (2) A sensory or afferent nerve 

(8) To a cell or group of cells, or of nerve-tracts in the 
central cerebro-spinal axis. This again is connected by— 

(4) A motor or efferent nerve to 
(6) A muscle or group of muscles. 

For muscle in (6) we may substitute gland-cell or any 
\ other cell m the body capable of responding by soine change 
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Diagram of reflex action, e Sensory epithelium an Afiferent 
nerve-fibie sc Sensoiy cell, cna Cential nervous system 
n.r. Branch of aenaoiy cell m close contact with processes of m c , 
motor cell e n Efleient neive-fibre, terminating in end-plates on 
the muscle, ni 

m its condition to a Btimulus reaching it from the central 
nervous system. 

To fire off a reflex arc, all that is necessary is an appro¬ 
priate stimulus applied to the sentient surface. Now we find 
that m all animals almost any form of energy may serve as 
a stimulus. Thus it may be merely mechanical as when we 
poke the frog, or chemical, or electrical, or in the form of 
light, heat, or soimd. In every case where a stimulus is 
applied there is an expenditure of some energy, though the 
amount may be very slight—a conversion of one of those 
forms of motion (of masses or molecules) mto some other 
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forms of motion which cause or f^ttend the passage of an 
impulse up the afferent nerve. 

It must be noted however that the work done by the 
stimulus, is in no way equivalent to the energy it sets free 
reflexly. The shghtest touch of a pin to the skin causes 
most powerful reflex movements of the thigh muscles of a 
decapitated frog. A stimulus in fact acts only by setting 
free a large amount of potential energy previously stored up 
in the muscles, which amount may depend on the most 
diverse circumstances: just as the amount of energy set free 
in firing a gun depends on the amount of gunpowder in the 
charge, and not on the size of the fulminating cap used to 
fire it. This simile however must not be taken too literally. 
Under normal circumstances a stronger stimulus, within 
certain limits, will give rise to a stronger evolution of energy 
(contraction of a muscle, etc.); but in every case the work 
done by the muscle far transcends in amount the work done 
in stimulating the muscle. 

In all higher animals it is not the whole sensory surface 
that wiU respond to all forms of stimuli. Here again there 
is a division of labour among the sensory cells, some taking 
on the function of converting light, others heat, others sound, 
and so on, into a nervous impulse, which may ascend to the 
central nervous system and there give rise to some form of 
response as a reflex action. 

Thus we have the formation of organs of special sense 
contammg sensory cells, which under normal circumstances 
react to one form of stimulus, and only one. The eye receives 
impressions of Ught, the ear of sounds, special cells m the, 
Hkin impressions of temperature (heat and cold), and of pres¬ 
sure and touch. 

The higher sense-organs, as they are termed—the eye, 
olfactory organ, and ear—are connected with the upper part 
of the neural tube, the brain. The end-organs of temperatm'e 
and touch are distributed over the whole surface of the 
body, and are connected to the neural tube through its whole 
length. 

The spmal cord has a twofold function. It serves as a 
conductor of impulses started by stimuli at the surface of tlie 
body to the brain, and as a conductor of efferent impulses 
from the brain. It may also be regarded as a collection of 
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reflex cmb'ea regulating all kinds of movements and func¬ 
tions. 

The nerves, which connect the cord with all parts of the 
body, are arranged symmetrically on the two sides of the 
body, so that there are thirty-one pairs of nerves arismg from 
the spiaal cord. 

Each nerve-trunk at its connection to the cord is divided 
iuto an anterior and a posterior root; and we shall show 
later on that all the impulses leavmg the cord pass along the 
anterior roots, while the posterior roots are composed exclu¬ 
sively of fibres bearing afferent impulses. 

A short distance from the cord these two roots join, and 
the mixed nerve-trunk thus formed divides agam and agam, 
supplymg the sensory end-organs and muscles of a definite 
segment of the body. 

An important branch of the mixed „nerve-trunk (though 
small anatomically) is the ramus communicans of the sympa¬ 
thetic. The fibres forming this little nerve pass into a chain 
of ganglia (^.e. collections of nerve-cells) situated along the 
back of the body-cavity, in front of the spmal column, and 
sendmg a prolongation up mto the neck. 

Some of the fibres become connected with these ganglion 
cells while others simply pass through the ganglion. All 
the fi])reB however, before passing to their destination, become 
connected with nerve-cells situated more peripherally. This 
destination is all the organs of vegetative life, the alimentary 
canal, heart, blood-vessels, glands, etc. 

The whole system of visceral nerves, formed from the 
nerve-fibres of the rami communicantes, is called the sym¬ 
pathetic system. 

The accompanying diagram will serve to illustrate the 
general plan of distribution of a smgle spinal nerve, and its 
connections with the sympathetic system. 

An unendmg series of reflex actions is going on m our 
body, and of many of these we may be quite unaware. But 
m very many cases we learn that somethmg is going on when 
a stimulus affects our afferent nerves by having what we call 
a feehng or sensation. In order to experience a sensation we 
must be conscious, and therefore sensations are classed with 
emotions, ideas, volitions, as states of consciousness. 

A pure investigation of states of consciousness, however, 



belongs to the province of the psychologist. We have only 
to deal with them so far as the function of afferent nerves is 
concerned, since it is difficult to obtain an objective sign of 
their activity (though, as we shall see later, such signs are 
present). 

We have evidence that in man and the higher animals 
consciousness is intimately bound up with the outgrowths 

Fig. 12. 



Soheme of the nerves of a segment of the spinal coid (Foster). Gi. 
Grey; w, white matter of the cord, a Antenoi, p, posteiior 
root G. Ganglion on posterior root n Whole neive giving off 
somatic nerve to muscle m, or sensory cell s, and visceral 
blanch v, which passes through vaiious gangha of the sympa¬ 
thetic system before reaching the visceral muscle m or sensory 
oeUs rv is the giey ramus commumoans which rans back from 
the ganghon S to the spmal cord.^ It gives off a branch vm, 
which runs m connection with the spinal nerve to the blood-vessels 
of the limbs Sy The sympathetic chain uniting the gangha of 
the senes 2 


from the front of the nemal tube, which we call the cerebral 
hemispheres. On the integrity of these depends also the 
carrying out of the so-called spontaneous or voluntary move- 
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mentB—that is to aay, movements which are not, so far as we 
can tell, called forth by any directly precedmg stimuluB or 
change in the environment of the animal. 

The parts of the brain below the hemispheres seem built 
up on much the same plan as the spinal cord, and like this 
contain a collection of reflex centres and nerve-paths. These 
reflex mechanisms however are very important, since their 
afferent chaimels are the important nerves subserving the 
functions of seeing, hearing, smelling, tasting, etc. 

The significance of the cerebral hemispheres in the normal 
, life of the animal can be well shown in the frog. If in this 
animal we remove the cerebral hemispheres, we find that it 
still acts in all respects as a normal frog, except that it is 
incapable of interpreting its sensations or of initiating volun- 
I tary acts. If we put it in water, it swims about till it comes 
to the edge of the basin, when it crawls up and sits on the 
I edge. Stroke its back and it croaks. Put it on a horizontal 
board, it remains perfectly still. Inclme the board, the frog 
climbs up it. AU these complicated movements are brought 
about immediately by changes m the environment. They are 
' examples of reflex action. 

But if we leave the brainless frog to itself, and protected 
from disturbing influences, it sits there - till it becomes a 
mummy. Having lost the greater part of its consciousness, 
it can no longer feel hungry, it does not know its food when 
it sees it, and therefore does not will to move in order to 
I get it. 

Beprod/uction and Heredity 

' The production of new individuals, the crownmg pomt of 
an anim al’s existence, is carried out by means of certain 
special cells, the spermatozoa m the male and the ova m the 
female, which represent potentially all the' peculiarities of 
! the parent organism. By the u nion ani-fusion of parts_of 
speimatozoon and ovum, a smgl e cell k.produced, thsJer- 
Jiiliaed-avuiB, as it is termed; and from this cell by division 
and differentiation is formed the new individual, endowed 
with structures and properties similar to and derived from 
both parents. The rest of the cells of the body afterwards 
die, having served their function when they have reared the 
new family of individuals. 
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Thus from a broad standpoint all the complicated pror 
cesses that we study in physiology, all the toil and tunnoil ■ 
of human existence, are nothmg but ‘ the by-play of ovum¬ 
bearing organisms.’ The biological destmy of man is accom- ^ 
phshed with the production and rearing of a new individual. 

Now we have shown above that in many respects the body 
may be regarded as a mechanism, controlled by external 
circumstances, and convertmg the potential energy of food 
into the kmetic energy of warmth and movement. 

This comparison is further justified when we find that 
in all process es of the bo dy there is no'creation of mefgy. 
All energy posseped by the bodyjs^ deriyed from the poten¬ 
tial energy contained in the food, which in its turn repre- • 
sents the stored-up energy of the sun’s rays. 

On these accounts many have thought that no other fac¬ 
tors were at work in hvmg bodies than the intermolecular 
relations which comprise the laws of physics and chemistry, 
and that even the supreme facts of consciousness might be 
explained in this manner. But past experience warns us to 
be very careful before accepting purely physico-chemical con¬ 
ceptions of any vital phenomena. Agam and again, as we 
shall see when discussing the processes of absorption, secre¬ 
tion, respiration, etc., have purely physical explanations been 
put forward, only to be overthrown by further investiga¬ 
tions. 

In fact every cell in the body, like a conscious being 
seems to have a power of selection, a power to eschew the 
evil and choose the good, the good bemg that which is neces¬ 
sary to its preservation as a umt of the cell community. A 
layer of living protoplasm, one twenty-thousandth of an mch 
in thickness, is able to take up materials on one side and 
discharge them on the other, m direct opposition to all 
known physical laws of diffusion and osmosis. 

We may discover the functions of a living cell and the 
conditions of its activity, and, m general terms, the source 
from which it derives its energy; but beyond this we have 
been foiled in all attempts to find out how the cell uses the 
energy of the food for its own aims. It does not at present 
seem likely that any physico-chemical hypothesis will ever 
explain how all the physical and mtellectual peculiarities may 
be transmitted from father to son through one smgle minute 
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cell, a spermatozoon, five hundred millions oi which would 
hardly occupy one cuhic millinietre. 

We shall therefore m the following pages confine our¬ 
selves to a discussion of the functions of the various organs, 
the conditions of their activity, and the physical and chemical 
changes which can be demonstrated to occur in the organs 
concomitantly with their activity. 

These objects of physiology are still very imperfectly 
known, and probably need yet many years of laborious 
research for them elucidation. But when we are fully 
acquamted with the laws and conditions of the activities of 
normal hving structures, we shall be able to attack the pro¬ 
blems of disease with a sure hope of success; for, knowing 
how the organism wiU react to aU manner of circumstances, 
we shall be able to put it into an artificial environment which 
will counteract the effects of the previous abnormal environ¬ 
ment, and so restore the organism to a healthy condition. 
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¥ 

TSE MATEBIAL BASIS OB THE BOBY- 

Shotion 1 

THE SOUEOBS OE THE ENBEGT OE THE BODY 

Oabefuii experiments have sho'wn that there is no creation or 
destruction of matter in the living organism, that is to say, 
the principle of the conservation of matter applies within as 
without the hvmg body. Hence an ultimate ana lvgj p nf tli e 
body reveals the same elQp ienta as are found in the earth’s 
crust. 

The results of ultimate analysis J fiacb .us„itiat ijwelv 
chemical elemwits enter mto the composition of all living, 
organisms. These are carbon, hydrogen, oxygen, nitrogen,! 
sulphur, phosphorus, chlorme, potassium, sodium, calcium,* 
magnesium, and iron. They are essential to the life of the 
animal. Oth gr elem ents, such as silicon, iodine,^ fluorine, 
manganese, are found occasionally, but it is not known whether 
the minute quantities of these substances which are found are 
merely accidental or necessary to life. 

If the body of an animal be heated with free access of 
oxygen, the carbon and oxygen are burnt up and escape as 
carbon dioxide and water; the mtrogen is eliminated as 
ammonia or in the free state, and the rest of the elements 
remain as the ash. 

One hundred parts of the ash of a young dog contam 
(Bunge)— 


K 30 

. 

85 

Na^O 

. 

82 

CaO 

. , 

85 8 

MgO 

. 

16 

FejO, 


0 34 

PA 

. , 

39 8 

01 

. 

. 73 


* I odine Beems to be aoi invariable and eesent^ constituent of the active 
principle of the thyroid gland (mda Chap XII) 
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Most of these constituents of the ash exist in the tissaies as 
salts, either free or m a very loose state of combination with 
other substances. 

Nearly all tjie^iron, sulphur, and a considerable amount of 
&e phosphorus however are found in the body, not as salts.^ 
but^giS complicated organic compounds with protems, and allied 
bodies. 

The same elements are found in plants^ although here 
certam of the non-essential elements may occur in greater 
quantities than they do in the case of-^imals. Thus silica 
forms a large proportion of the ash of certain grasses, although 
a normal growth can be obtained m the almost entire absence 
of this substance. 

All these elements are derived by plants from the atmo¬ 
sphere or from the earth’s crust. Here however the substances, 
which present themselves as foodstuffs to the iilant, are in a 
state of maximum oxidation, and are devoid of potential energy, 
the mineral matters occurring as salts, the carbon as the CO 2 
of the atmosphere, and the nitrogen as minute traces of 
ammonia or nitrites. In the plant these elements are bmlt 
up into substances which can develop energy by combustion, 
and therefore are possessed of potential energy. This energy 
is put into the plant by the sun’s rays. The green parts of 
plants are able to utilise the radiant energy of certam parts 
of the spectrum m the splittmg up of COg, givmg off the 
oxygen to the atmosphere, and building up the carbon into 
complex compounds, of which the earliest appear to be sugar 
. and starch. It is supposed that the first change which occurs - 
^ is a formation of formaldehyde, COj + Hp = CHp -l- O 2 , and 
1 that this formaldehyde by simple condensation yields a carbo¬ 
hydrate of the formula CgHiaOg. The plant thus obtams a 
store of potential energy, which it can utilise for the formation 
of still higher products or for the synthesis of such bodies 
as fats and proteins. All three classes of substances, protems, 

’ fate, and carbohydrates, are built up together with salts and 
water to form the unstable material which, as the chemical 
basis of life, is known as protoplasm. 

In animals this power of utihsmg the sun’s rays for the 
synthesis of complex organic substances from CO^ and nitrites 
or ammonia is wanting. They are therefore dependent for 
their life on the co-existence of plants. On these they feed. 
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taking m their food in the form of proteins, fats, and carbo¬ 
hydrates. In the animal body these substances are oxidised, 
setting free once more the energy which had besn snatched by 
the plant from the sun’s rays, and are excreted m their origmal 
form as CO^, and ammonia or allied bodies such as urea. 

A marked distinction thus seems to obtain between the 
chemical processes in plants and animals. In the former the 
procssses are chiefly synthetic, while in the latter they are 
chiefly oxidative. No hard and fast line however exists between 
the two classes of livmg beings. The power of splitting up 
CO 2 IS confined to the chlorophyll granules of plants. In all 
other parts of plants, and perhaps in these granules themselves, 
a process of respiration is also going on, in which oxygen is 
absorbed and COj is given oS ; and m the entire absence of 
oxygen every plant, except certam anaerobic bacteria, dies. 
Eespiration therefore is a common function of all protoplasm, 
and is merely hidden in green plants exposed to sunlight by 
the more energetic assimilative function of the chlorophyll 
granules. 

Although the animal body cannot build up proteins, fats, 
and carbohydrates from ammonia and GOj, yet, given these 
three classes of foodstuffs, it can from these carry out many 
complicated synthetic processes. Thus it was long ago shown 
by Wohler that benzoic acid admmistered to an animal was 
excreted in the urine as hippuric acid. In this case a synthesis 
of benzoic acid with glycine (ammo-acetic acid) had taken place. 

0^,.000H + OHJSHjOOOH = 0^.00 OHNH,OOOH + H,0. 

We shall have occasion to discuss many other examples 
of synthetic processes occurrmg m the animal body. The 
best known are perhaps the formation of fats from carbo¬ 
hydrates, and the formation of the complex conjugated pro¬ 
teins, nucleo-protems, etc., from the simple proteins, fats, and 
carbohydrates of the food. 

Although therefore we must allow to all protoplasm, whether 
vegetable or animal, synthetic as well as dismtegrative powers, 
the fact remains that the one source of the energy of the 
animal body is the disintegration and oxidation of the com¬ 
pounds presented to it m its food. Now all substances can be 
divided into two classes: those which undergo spontaneous 
combination with oxygen, such as phosphorus or an alkahne 
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solution of pyrogallic acid, which may be termed auto-oxidis- 
able^ and those which are unaffected at ordinary temperatures 
by oxygen, which may be termed d ^oxidisa ble. To the latter 
^lasB belong the foodstuffs, and ffie^question arises, by what 
means their oxidation is effected in the living body. Outside 
the body we can effect a combination of these substances with 
oxygen by raising their temperature to a red heat, but this 
method is obviously inapplicable withm the body. The diffi¬ 
culty is that, at ordinary temperatures, molecular oxygen, Oj, 
is relatively inert, the combinmg affinities of each of its atoms 
being satisfied withm the molecule, 0=0. Oxidation how¬ 
ever can at once be effected if by any means we can break up 
this molecular compound, so as to leave the combmmg affinities 
of the two compounds unsaturated. Many theories have been 
put forward as to the manner in which this activation of the 
oxygen is carried out in the body> Thus it has been suggested 
that the total oxidation occurs, so to speak, m two stages. By 
the ordmary disintegrative processes, reducmg (auto-oxidisable) 
substances are formed, and these combmmg with oxygen split 
up the oxygen molecule, leaving one half of the molecule 
free to attack less readily oxidisable substances. Many such 
instances are known of the simultaneous progression of re¬ 
ducing with oxidative processes. Thus ozone is formed in 
the slow oxidation of phosphorus by the air. The oxidation of 
pyrogallol in ammoniacal solution is associated with the con¬ 
version of a certain amount of the ammonia mto ammonium 
nitrite. Of the existence of reducmg substances m the body 
we have ample evidence. Thus methylene blue injected into 
the hvmg animal undergoes reduction in the tissues, formmg 
a colourless compound which is re-oxidised to methylene blue on 
exposure to the atmosphere. It is difficult however to decide 
whether these reducmg substances are formed as by-products 
in the cell metabolism, or whether they are an integral part 
of the protoplasmic molecule, as was imagmed by Pfluger. 

Closely allied to this process is the oxidation which is 
associated with the splitting up of a molecule of water. Thus 
if benzaldehyde is shaken up with water and air, it becomes 
oxidised to benzoic acid, and at the same time can effect oxida¬ 
tion of other dysoxidisable substances. In this case a water 
molecule is split up into H and OH, the OH group takmg the 
place of the H in the aldehjrde group (OOH) of the' benz- 
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aldehyde, while the two hydrogen atoms set free combine with 
an atom Of oxygen to form water, thus releasing an fftom of 
oxygen in the active state and therefore ready to effect other 
oxidations. 

According to other authorities, the mechaniBm of oxidation 
in the body is similar to that employed in the manufacture of 
sulphuric acid. In this case sulphur ia burnt to form SOg, 
and then nitric oxide, NO, is added together with air. The 
NO combines with the oxygen of the air to form NO^, and this 
reacts with the sulphurous acid to form SO3 and NO. The NO 
thus acts as a carrier of oxygen between the air and the SOg. 

In the same way an ammoniacal solution nf cupric hydrate, 
which is reduced on boilmg with dextrose, becomes at once 
blue again on exposure to the air, and can be used to oxidise 
an indefinitely large quantity of the dextrose. In these cases 
we can make precise chemical equations for the various steps 
of the oxidation. In other cases this is not possible. Thus 
spongy platmum wiU effect a rapid union of hydrogen and 
oxygen to form water. Here there is no evidence of the for¬ 
mation of an oxide of platmum as an intermediate stage of the 
process, and we say that the substance acts katalytically. In 
aU cases however it is difficult to explain why the presence of a 
third substance should render the oxidation possible. We have 
here an example of a whole series of phenomena in chemstry, 
where the presence of a factor, which adds nothing to the total 
energy of the reaction, yet materially alters the velocity of 
the reaction, often rendering a reaction possible which with¬ 
out it would take an infinity of time for its accomphshment. 

It has been definitely shown that substances can be ex 
tracted from the blood and tissues of animals and from the 
substance of plants, which possess the property of effecting 
certam oxidations, and have therefore been termed oxygen 
carriers or oxygen ferments (oxydases). The exact chemical “ 
character of these substances is undetermined, though m some 
cases they seem to belong to the class of nucleo-albumens. 

It is of course possible thfet all these methods are made 
use of m the hvmg cell for the oxidation of foodstuffs. It 
is certam that the oxidation is not accomplished at one 
stroke, but that it proceeds by stages. It wiU be our office 
later on to try to trace out some of these stages, and so 
obtam some idea of the history of the foodstuffs m the body, 

2£>i6. N/d? 


lISc Lib B'lore 
fi19Nn7 
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. Sbotion 2 

THE PBOTBINS 

' , -> 

Since our chief foods are derived from other living 
organisms, a consideration of the proximate constituents of 
our bodies covers that of the proximate constituents of the 
food. These can be divided mto three main classes, protems 
which contain nitrogen and sulphur, fats, and carbohydrates. 
Of these the protems are the most important, since they repre¬ 
sent the only irreplaceable portions of the food. Many animals 
can live on a pure diet of proteins, and even in man fats and 
carbohydrates are largely mterchangeable; but in no case 
can the place of proteins be taken by any other substances. 

Proteins are found in all protoplasm, and are more abun¬ 
dant m those tissues where growth is actively gomg on. They 
are , m the condition in which we generally come across them, 
amorphous, mdiffiisible, and varying in their solubilities. 
They are "inert bodies, tasteless, and jpresentmg no distinct 
acid or basic characters. Although it is possible to obtain 
certain protems in a crystallme condition, t hey all b elong to 
the class of bodies known as colloids. 

^ , The term ‘ ooUoid ’ was applied by Giaham to distinguish certain substances 
such as egg-alb umen oi or gelatin, from easily oiystallisable substances 
such as salts and sugars TOioreas the latter are easily diffusible through 
animal membranes, colloids are absolutely indiffusible All colloids appear, to 
possess yery large molecules, and it is possible that their^ndiJPusibihty is con¬ 
noted with, this fact It is difficult however to be ceitam that the apparent 
solutions of colloids m water aie leally stnotly comparable with such a solution 
as that of sodium chloiide In many oases the apparent solution is really 
only a suspension of fine particles, and veiy simple means will suffice to bring 
most ooUoidal solutions into such a condition of suspension. .AU colloidal, solu- 
tj ^a mg yj under favomable conditions, present the phenomenon of ooagula- 
iion, a phenomenon which depends on an alteiation of the relations between 
suspended particle and solvent, and on an aggregation of the smaller mto 
larger particles, which may fuse to form netwoiks Tl^OOSigulflied condition 
11^ be brought about by vaiious means by the a pphoation^Jieat, by simple 
mechanical choking, or in some oases by the mere a^ition of n^tral ^alts 
In some cases the reaction is leversible Thus gelatin and water form a solid 
jelly when cold, but become fluid when the temperatuie is raised An alkaline 
solution of casein, to which calcium chloiide has been added, forms a solid clot 
when wam^ed, but becomes fluid again at a normal temperature, and a similar 
phenomenon is observed in the early stages of the action of pancreatic juice 
on milk In most cases however the action is irreversible Sihcio acid, which 
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has been coagulated by the addition of neutral salt, cannot be dissolved again 
on removing the salt by dialysis. The ooagulnm which is formed in a solution 
of egg albumen by heatmg is permanent, and msoluble m weak acids or alkalies 
01 ^ in salt solutions A coUoidal membrane permits as a rule the free passage of 
water and salts, but is impermeable for dissolved colloids, so that on filtering 
a colloidal solution under pressure through a ooUoidal membrane, the filtrate 
consists simply of watei with salts, all the colloid remaining behind on the filter 

All proteins contain oxygen, hydrogen, nitrogen, carbon, | 
and sulphur, and their compositions vary round the foUowmg 
numbers. 

ent 


0 . 

. . 

60-6 —64 6 ] 

H . 

, 

. 6-6 — 7 3 

N . 

. 

. 16 0 —17 6 

S . 

. 

. 0-8 — 2 2 

P . 


0 42— 0 86 


O . 21'50-23 60 

Of the sulphur a certain portion is oxidised, while the rest 
exists in the unoxidised condition, and can be split off as a 
sulphide by boilmg with caustic potash or soda. Hence we 
must assume the presence of at least two atoms of sulphur in 
the protem molecule, and this assumption enables us to arrive 
at the smallest possible empirical formulae of many proteins. 
Some of these formulae may be given here, smce they serve to 
indicate the enormous size and complexity of the molecules of 
this class of substances. 

Egg albumen . C,o^Ha23Nfl30„S2. 

Protein m hosmoglobin (from horse) . 

,, ,, (from dog) . 0725 ^ 1171 ^ 194 ^ 214 ®! 

Cr 3 rstallised globulin (fiom pumpbrn-seeds) 029jPiBiNM08aS2* 

Gi'ystalUaatiori of protems —It has long been Imowu that pioteins occm* in 
the j nryataTT^i Xfi f pym yi thqjeedfl of certam ap. in hem p-see ds, paranut, 

and pumpkm and oastoi -piLgeeds T hese orystal a, w^yiC^aJ|ejnownj;a aleuj^^ 
consist of^proteins belqngmg to th e .class of globiiT^ins By mechanical 
means they can be separated from the surrounding tissues, and after washing 
diggftlyeiLma gdujaon jot magnesia On dialysing this solution agamsb alcohol, 
the fluid IS gradually concentrated, and ciystallme gianules of the magnesia 
conap 9 imflpjUi]m. protein separate out These oiystals contain 14 per cent 
MgO, pointing to a molecular weight of the protein of about 2800 (If X be 
X 100-14 

the molecular weight, |q = ^ ^ , theiefore X = 2817 ) 

It IB also easy to civsta llise egg albumen and serum albumen, > ^ite o f 
egg^iBjbie ated with a n oauaJ bulk of-saturated,solution of ammonium sulphate 
t ojireoipit ate the globulm B. a nd fi ltered The_filtrate is re^ndeied slightlx^cid 
wit ^dilute a cetio^cid,^ which is ad ded u ntil a shght piecipitate is formed 
T he mixtu re _is_p ut aside for twenty-four hours, at the end pf_5vhich_tune the 
grsatfir-TJDxtiop^pf. the albumen has been precipitated as fine needle-shaped 
oijBtaJs These may be freed from ammomum sulphate by washing with a 
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saturated aoidifled solution of sodiuin chloride A slinilar m $jiJioj,JbniBad-lP 
t^e^jjaaa oiLSSOWkflilhUlIMw By repeated orystalliBation a product may be 
obtained ■which is absolutely constant m both its physical and chemioal 
characters. (Hopkms) 


The Stbuotdbb op the Protein Molecule 
We can only arrive at some idea of the manner in which 
the protein molecule is built up, by breaking it down bit by 
bit, employing methods which will not act too forcibly in 
changmg the whole arrangement of the constituent parts of 
the molecule. Ia_the body almost all the protein is ciBi- 
verted into urea^ r p.H,rbH,Tm’il e in which form it_is 

excised, but we have evidence that the_grea is formed by 
a synthetic process from ammonium carbonate or carbamate, 
which must therefore be regarded as the last stage m the 
physiological disintegration of protein. In the body many 
substances are found which are presumed to be intermediate 
stages in the conversion of protein into urea. Owing how¬ 
ever to the coincidence of synthetic with disintegrative 
changes in the body, it is impossible to assign these sub¬ 
stances then- exact place in the protein metabolism until we 
have thrown more light on nrotein disintegration by chemical 
experiments. In order to, .stu dy this question therefore we 
, • split up the protein molecule by simple hydrolysis. For this 
' I '• pmpose we may heat the protein in sealed tubes with baryta 
water, or treat it with very active h ydrolytic fermen ts, such 
' as the trypsm o f the pancreatic ^u ice. The most convenient 

method however is to heat the protem for twenty-four 
h niFs yiith . a mixture of hydrochloric acid and stannous 
', chloride. (The use of the latter is to prevent any comcident 
;.ti Af oxidatiye changes, which would tend to destroy the primary 
' ' pro ducts of hydrolysis.) 

, We obta in in this wav an acid fluid, containing an 

‘ extremely complex mkturs of yarious substances, which may 
., ' be regarded as the. proximate constituents of the protein 
• molecule. They may be classified .as. follows :— 



(fl) M on-CM mno-acids of fatt y senes , | 

•j ^ Glyome (amino-aoetio aoid) 

( Alonme (ftmino-propionic acid) 
Senne 

* Leucine (amino-oaproiQ acid) i 
, f Aspartic acid ^ f -' ^ * e j 

Glutamic acid ' ' ' i 


( 6 ) 

se^'ws 

• Tyroaine (oxyphenyl-alanin) 
Phenyl-alanine 

• Tryptophane 

Proline (pyrrolidine-carboxyliQ 
acid) 
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(c) :^<m%no ac^ds, ■/ £ e^f 

^ Ormihine (di-amino-valerianio Ammonia 

ftoid) Arguune 

f Lysine (di-amino-oaproic acid) Hi^dme 

(^) 


Oystme 


The amino- or amido-acids are derivM from the fatty acids 
by the replacement of one atom of hydrogen in the radicle 
by the group amidogen, NH^. 


Thus from acetic acid 


OH3 

1 , we get amino-acetic acid or 

OOOH 


glycine 


OH2NH3 

I 

COOH 


; from propionic acid, amino-propionic acid or 


CH, 

alanine OHNH,. Leucme is amino-caproic acid, and has the 
COOH 

formula 


OHjOHa 

(liHs 

I 

OHNH, 

iooH 


Aspartw add is amino-succmic acid, CjH3(NH,) (COOH)j, 
and glutamic acid is the next higher homologue in the same 
series, CjHgCNHj) (COOH);,. 

In all these bodi es, the acid characters of the group OOOH 
are almost neutralised J)y the presence of the basic group 
KHj, so that the amino-aci ds as a wh ole are, inert substances 
with very, feeble acid qualities. They can mdeed act as bases, 
giving crystalline compounds with the mmeral acids. 

Tyrosme ij the ciaetarojnatic, amino-aci d whic h occurain 
acid pr otein digests . It is formed by the combination of a fatty 
amino-acid witb an^arpmatic group, bemg para-oxyphenyl- 
ammo-propionic acid 

OHNH, OOOH. 



:^tl^leucine,and tyrosme maybe prepared byevaporatmg 
d own a solution of protein s which have been acted on .for 

8 
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twenty-four ^h Qiixfl. with pai^creatie juice. When the hquid 
]g a^wed to cooli, crystals of tyrosine separate out. These 
crystals form slender needles arranged m sheaves or 
radiating from a centre. The mother-liquor is evaporated 
to a syrupy consistence, extracted with alcohol, and the 
extract allowed to stand. As_the alcohol, .evaporates, 
y^Upwigh-brown spheres, consistmg of masses of ill-formed 
needle-shaped crystals of leucme, separate out. 

A solution of tyrosme with Millon's reage nt gi ves a red 
c olour , the tmt of which deepens on heating. 

When proteins are hydrolysed by means of trypsine, the 
proteolytic ferment of pancreatic juice, the digest at a certaiu 
period gives a rose colour on acidification and addition of 
bromine water. This reaction is due to the presence of 
another aromatic body, called tryptophane, which is a 
derivative of indol, being indol ammo-propionic acid. 

0 CHa OHNH, COOH 
OH 


Acted on by bacteria of putrefaction this body gives rise to 
indol and skatol, substances with a pronounced fsscal odour 
and constantly produced in the putrefaction of proteins. 



After separatmg all the monamino-acids, a considerable 
amount of the original protein remaius unaccounted for. Of 
this remainder a certain amount is present m the form of the 
hexone ha^es, so called from the fact that they all contain six 
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atoms of carbon in'their molecules. These bases can be 
thrown down from the mother-liquor after the separation of 
the amino-acids, or from the original acid decoction by the 
addition of phosphotungstic acid. Three of these bases have 
been isolated—lysine, arginine, and histidine. 

Lysme. has the formula and is a diamino- 

caproic acid, the insertion of another NH^ group into leucine 
conferring on this body strongly basic properties. 

Ai a^ M2lg>(CfiHi4N40a) was first prepared from the seedlings 
of certam plants. Its chief mterest lies in the fact that on 
b oiling with barvtf wstet it is split up, giving as one of its 
decomposition-products urea. We thus see that a certain 
proportion (not more than one-ninth) of the urea which is 
excreted by the body may be derived by a process of simple 
disintegration of the proteins of the food, without any 
accompanying oxidation. Argmine belongs to the same class 
of bodies as creatme—an important constituent of all muscular 
tissues. Creatme or methyl-guanidin-acetic acid has the 
formula 

NH%. ■ 

^^^0 -N(OH,) OHjOOOH. 

On boiling creatme with baryta water, it takes up a molecule 
of water and splits into two halves m the situation of the 
dotted line in the formula, giving 

NH,. 

^^^00 (urea) and NH(CH,)CHjOOOH. 

This latter substance is known as saroosine, and is derived 
from glycine by the replacement of one atom of hydrogen by 
a methyl group, CHg. 

Arginine has a similar formula. On the left-hand side of 
the dotted Ime the formula would be identical with that of 
creatme. On the right-hand side however, the saroosine 
group is replaced by a diamino-acid of the fatty series, 
diamino-valerianic acid or ormthm. 

Hutidmg has the formula CgHgNgOg. It contains the 
alanine group, bemg imidazol amino-propionic acid. It does 
not yield urea on boiling with baryta water. 

Nearly the whole of the sulphur m the protein mole¬ 
cule exists or can be separated in the form of cystine. This 
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substance is a crystalline solid, which under some con¬ 
ditions may occur in considerable quantities in the urine 
(cystinuria), and in such cases may give rise to a urinary 
calculus. It can be regarded as a sulphur derivative of 
lactic acid CHj.OHOH.COOH, or of amino-propionie acid 
CHg.CHNHj.COOH, and has the formula 
OHj—S—S-OH, 

OHNH, CHNH, 

oooH iooH 

Other amino-acids and alhed substances, besides those 
mentioned, occur in various tissues and fluids of the body. 
Since however they do not lie on the direct line of protein 
katabolism, we shall consider their chemical properties in 
connection with the organs in which they occur. 

A oompariBon of the relative amonntB of these substances to be obtained 
by the decomposition of different proteins shows marked variations, pointing 
to fundamental differenoea in their constitution. This is well seen m the 
foUowmg table, m which is given the lelative piopoitions of the more important 
decomposition products — 


— 

OsjBeln (of milk) 

G-lyome 

0 

Alanme 

09 

Leuome 

10 5 

Glutamic acid 

10 7 

Aspartic acid 

1*2 

Tyrosine 

45 

Phenylalanine 

32 

Prolme 

31 

Lysme 

58 

Argmine 

48 

Histidine 

26 

Cystine 

0 06 

Tryptophane 

16 


Globm (from luemo- Edesbln (a pro- 

globln) tain from hemp-soeds) 


0 88 

42 36 

29 0 20 9 

17 63 

44 45 

13 21 

42 24 

23 17 

42 20 

6 4 117 

10 9 10 

0 3 0 26 

present present 


A class of bodies known as protammes occurs m the heads of spermatozoa 
of salmon and some other hshes in combination with nucleio acid The 
protamines react m many ways like proteins, giving the biuret reaction 
When they aie hydrolysed by strong hydrochloric acid, they give ofi nearly 
all their mtrogen in the form of the ‘ hexone bases,’ arginine, lysine, and 
histidme They give also small amounts of monamino-acids. It has been 
suggested by Kossel that the typical protem molecule may be regarded as a 
nucleus composed from the hexone bases, to which is tacked on a number 
of monamino-aoid groups, the relative proportion of the bases in the nucleus, 
as well as of the subsidiary ammo-acids, differing acooiding to the nature 
of the piotem in question Acooiding to this view, the protammes would 
repi esent the Bimplest type of protein 
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Moat nnolei, inoluding the spermatozoa of most animals, contain another 
olass of bodies, oalled histones, m oombmatiou with the nucleic aoid. Histones 
gi ve th e ordinary niotein rfiAntioPR^ their oj^ef ohajacteristio^J^iJig the fact 
thalLthe v are,prec ipitated by ATYiTimma. Their dismtegration piodncts aie 
such as would be obtained from a mixtuie or oombmation of ordinarj protein 
with a protamine Thus, roughly apeafcmg, on hy^olysis by means of acids, 
the ordinary proteins of our food and tissues give about 10 pei cent, of hexone 
bases, histones about 20 to 26 per cent, while protamines yield about 90 pei 
cent of lysine, aigmine, and histidme. 

Polypeptides —E. Eischer has succeeded in uniting Wo or 
more molecules of various amino-acids to form large molecules 
which give the biuret reaction, and might be regarded as 
elementary protems or parts of protems. Some of these 
bodies may be hydrolysed by trypsine (the proteolytic ferment 
of pancreatic juice) into their constituent amino-acids. To 
these synthesised substances Fischer has given the name 
polypeptide. Examples of such bodies are glycyl-glycine, 
leucyl-tyrosine, glycyl-leucyl-tyrosine. 

A sirmlar body—namely, glycyl-alanine—has been obtained 
dnectly by the hydrolysis of silk, which suggests that these 
combinations actually occur as part of the constituent frame¬ 
work of proteins. As a type of the manner in which these 
substances are built up, we may give the formula of glycyl- 
glycine:— 

H-N-CHaCO OH 
CO-CELNHa 


General Tests for Proteins 

1. On boiling prote ins, m a very sHghtly^acid. solution, 
they are coagulated, and form an msoluble white precipitate. 

The best method of eanying out this test is to boil the solution in neutral 
or shghtly alkaline solution, and then while in active ebullition to drop in 
dilute (1 or 2 per cent) acetic acid until the leaction is slightly acid If the 
solution IS poor m salts, 1 oi 2 per cent of NaCl should be added at the com¬ 
mencement. By this means a nearly perfect separation of all the coagulable 
piotems may be effected 

2. On p ouring a solution of protem carefully d own t he . 
Bide_Qf_ a tfiB ii-tnbe^co ntamin g strong nitric aci d, so as to form 

a layer on the top, a white layer of co agulated prote in is pro¬ 
duced at the junction of the two fluids. 

8. Acetic acid and potass ium fo; ri ;ocyn.nn lfl give a white^-^^''‘( 
p recipita te. ' V., I 
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4. Saturation of protein solutions with ammonium sul¬ 
phate causes complete precipitation of all protems present. 

5. All coagulable proteins are completely precipitated by 
adding to their solutions an equal bulk of 10 per cent, tri- 
»chloracetic acid, or of a 6 per cent, solution of metaphosphoric 
or of salicyl-sulphonic acid. 

6. All protems are precipitated and coagulated by the 
addition of solutions of picric acid, mercuric chloride, copper 
sulphate, tanmc acid, or of strong alcohol. 

7. Excess of caustic potash or soda with a drop of dilute 
^copper sulphate gives a violet colour (Pmtrow ski's reac tio n). | 

^ 8. On addmg strong nitric acid to ¥~protein soIutTon and 

■boiling, a. yellow c olour is produced which ti^s to^deep 
■ grange wh ^ ammopia is g^d^e d (xanth onrotei cjceact ion). 

9. M-ill^ -S^reaction. An acid solution of mtrate of 
mercury gives a^J^e precipitate which^Jurns ajbrid^^ 

' OTL boilhig. 

10. On adding some weak glyoxylic acid (prepared by the 
paction of sodium amalgam on oxalic acid) to a protein solution 
and then some strong sulphuric acid, a deep _ red-pur ple col ora- 
tion is produced (Adamkiewicz-Hopkms reaction). 


of tfie _^roU%n^ —The last four of these tests are of interest 

as tmoSangflome hght on ^ttie oonstituent parts of the protein molecule. 
Thus Piotrowski’s reaction (often called the biuret reaction) depends on the 

CHj—NHj 

presence in the protem molecule of groups having the formula | , 

00-NH 

and is given by a number of substances in which two CO NH 3 or OHj NHg 
groups are coupled together either directly, or by a NH or OHj gi’oup Since 
the termmal NHg group is destroyed by nitrous acid, this acid at once destroys 
the power of proteins to give the biuret reaction 

The xanthoproteic reaction depends on the presence m the protem ‘ 
molecule of an aromatic group with xhe benzene-nucleus 



J:S&otioii depends on the presence of a hydroxy-denvative of 
benzene, and is mainly conditioned in the protem by the tyrosme group, a 
compound of hydroxyphenyl with alonme {anuno-propionic acid) 

T|j§ ^gphi^a-A,^arn^^iQa reaction is determined by the tryptophane 
group m the protem molecule 
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Classifioation of Peoteins 

The only satisfactory classification of proteins would be 
one founded on an exact study of their disintegration products. 
Since however we do not know all these products in the case 
of even a single protein, it is obviously impossible to attempt , 
any classification on such a basi^, and we have therefore to 
make use temporarily of a purely artificial classification based 
on the solubili ties o f the various proteins m water and salt 
solutions. The fact that simple mechanical shaking may 
convert a globulm into a coagulated protein will serve to 
illustrate how entirely artificial is our present mode of classi¬ 
fication. Adopting the solubilities as a basis, we may divide 
the proteins mto the foUowmg classes: 

1. 19ative Albumejis.—These are soluble in nure water and 
are precipitated by saturation with sodio-magnesium sulphate 
or with ammonium sulphate. 

Egg albumen forms the greater part of the white of egg. 
It gives the ordmary protein tests, and i^precipitated 
shaken up ^h a drop of dil ute sulp huric ac id and e xcess of 
ether. It rotatesJhenlane of polariaed K ght f p the 36'5“. 
If miected into the circulation it gives rise_to albumiunna and 
is partially ex^eted by the kidneys.^ 

Serum albumen occurs in large quantities in the blood- 
pl asma an(lserum, and in small quantities in most tissues of 
the body. It coagulates at 76° C., and is distmguished from 
egg albumen by its greater specific rotatory power (66°), and 
by the fact that it is not precipitated by ether and sulphuric 
acid, and if injected mto the circulation does not reappear in 
the urme. 

2. Globulins.—These bodies are insoluble in pure wuter 
and require a certam amount of neutral salt present to dis¬ 
solve them. They are the most interestmg of all protein 
groups, playmg an important part in nearly all vital processes. 

' This statement has given nee to the idea that the cells of the kidney are 
permeable to egg albumen but not to aeiam albumen. This idea is not 
warranted The fact is that egg albumen is, or contams an ingredient which 
IS, poisonous and mjures the kidney cells These therefore become permeable 
to protems, and albuminuria results But the proteins of the urme are those 
which noimaUy occur m albummuiia, viz serum albumen and serum globulm, 
oontaming however a ceitam amount of the foreign, protein ciroulatmg m the 
blood, namely egg albumen. 
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But it must be remembered that we are not justified in speak¬ 
ing of the globulms which we extract from the tissues and 
treat by piecipitation and washing till they are no longer 
altered by these processes, as the active agents in the com¬ 
plex protein interactions which make up the sum of vital 
phenomena. Our purified protein is a wreck, and represents 
merely the framework on which the living protoplasmic 
molecule was bmlt up. 

All the g lnhnlina are pr ecipitate d .from their solutions by 
^ sa turaitipn ■^ith rnagnesium sulphate and partially by satura¬ 
tion with sodium chloride. The chief members of this class 
’ p . are- 

i’' f- Grystallmi, obtained from the crystalline lens by passing 
"h a stream of 00 j through an aqueous extract of this body. 

' t' (Paraglobulm. 




I 




‘ ^%}^^^yJF^br^7^ogen. 

.i /I I H/Ta /y~iriA/vi /M* An. 


^ '■ li ilMyosin or paramyosinoge7i. 

These three bodies will be considered in the chapters on 
blood and muscle, 

8. Derived Albumens.—These may be regarded as c ompound s 
of pr oteius w ith acids or^aJkalie^. 

Acid a lbumen is formed by the action of warm dilute 
acids or by strong acids in the cold on any of the preceding 
.I'a^'^bodies, If an alkaline solution be added so as to nearly 
neutralise the solution of acid albumen^ this latter is precipi¬ 
tated. If the precipitate be suspended in water and heated, it 
is coagulated and becomes insoluble in dilute acids or alkalies- 

Alkali albume n is formed by the action of strong caustic 
potash on white of egg or on any other protem, or by adding 
alkaH m excess to a solution of acid albumen. It is pre¬ 
cipitated on neutrahsation of its solution. 


In olosfi association with this group may be included the pioteins as they 
occur in combination with the metalhc salts, such as copper sulphate On 
sphtting off the ooppei moiety fiom these compounds, the protem left is 
practically fi'ee horn ash, and behayes m many respects like an albuminate, 
bemg insoluble m absolutely puie water, but easily dissolved by the addition of 
a trace of free acid or alkali 

An interesung group of protem deiivatJves has been described by Hopkins, 
produced by the action of the fiee halogens on protem solutions We get 
in this way two deffnite classes of compounds. One class, which ooDtains 
the largest percentage of halogens, is ohtamed by treating a protem solution 
with chlorine, bromme, or iodine, dissolving up the resultant precipitate m 
alcohol and pouring the alcoholio solution mto ether, when the halogen 
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oompound is thrown down as a fine white precipitate By diaeolying up this 
precipitate in weak soda and precipitating with acid, we obtain a series Of com¬ 
pounds containing only about one-third as much of the halogen as is contained 
m the first precipitate, suggesting that the halogen forms both substitution 
and additive compounds with the protein molecule. 

/ - 

4. Eibrins.— c hief of thfiSA ifl blpod-fitoin, a stringy 
p^tein formed in tbn do tting of tbA_hl/;^d and giving y. 
solidity to theidot. It is insoluble in water and salt solutions^? • 

In dJute hydrochloric acid ^ swells, up, and if kept at 40^ 

it diB sdyes witfajh^form atjon o f aci d jlbumep- If susne nded ^/ /6yC 
in water and heated it isjjoagulate^ and is no lon ger capable ^ 
of swe lling _np in^dilnte hydmcbloric a,ei^. Similar bodies, 
myosin- and myogen-fibrin, are formed in the coagulation or 
rigor of voluntary muscle. 

5. Coagulated Proteins.—Any member of the preceding 
classes, when heated_in a neutral or Blig htly ac id, aolntioni 
is converted into c oagulated protflin- In this condition it 
is msoluble in water, salme solutions, or weak acids. It is 
dissolved by strong acids or alkalie^ or the digest! 
ferme ntg^ jich , ^ the gastric and pancre atic juic es. 


Hybeatbd Proteins 




When proteins are subjectedjp the action of_ s uperheate d 
water or ste^pi. ^ are heated with acids, jjp acted^on at the ' / 
body temperature by^^certaan fermenits (trv psme or papam), 
they undergo a change which is supposed to be attended ** “ ^ 
with the addition of one or more molecules of water to the . 
protein molecule (hydrolysis). The final r68ult_Ql.this action ,, 

18 ^the group,pLnit^genQUB_bodLies, chiefly belongir^ Jbg^ther* 
amino-acids, which we have already dealt with. As inte r- 
media te products in this series of hydrolytic changes, we find 
a group of bodies, still presentin g many of the protein _re- 
actions, which are cl assed j .s h y drateA..ELQtwg? and include 
the proteo ses or albumoses and the^ peptones. 

^ 1. Albumoses.—These are all pr ecipitated from their solu- 

^Wtions by^saturatipn with ammomuni sulphate. On addition^^^. ,, { 
of mtric^ jb^cid they give a p recipic e which is ‘ 

dissolv^ed on heating but reappears gn^ cooling. On adding 
^^an e]^ess of caustic potash and a drop^of very d%lute copper ^ 
"'sulfate to a solution of albumoses, a pmk colour is pro- 


r0(. 


duced (biuret reaction). 


If more copper sulphate be added, 
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the pink colour is changed to violet similar to that produced 
m a solution of proteins. 

According to their solubilities three varieties of alb umose s 
may be distinguished: 

а. Soluble in pure watey; precipitated 
> iUo by saturation with sodium chloride or ammonium sulphate. 

With acetic acid and potassium ferrocyanide it gives a white 
‘ precipitate. 

б . Hetero-albumose, —Insoluble in pure water ; soluble in 
weak saline solutions or dilute acids; precipitated by satura¬ 
tion with salt, or by ^etic acid and potassium ferrocyanide. 

c. Deutero-alhumoses, —Soluble in pure water; not pre¬ 
cipitated by saturation with common salt, except after addi¬ 
tion of a little strong acetic acid; entirely precipitated by 
saturation with ammonium sulphate. They give no precipitate 
with acetic acid and potassium ferrooyanidej- 

2. Peptones.—Soluble in pure water; diffusible through 
animal membranes'"; with caustic potash and copper sulphate 
they give the same reaction as albumoses. From the latter 
class peptones are distinguished by the fact that they are 
not precipitated at aU by saturation with ammonium sulpl^te 
or with any neutral salt.^, . 

AUimnoses and peptones give the xanthoproteic and 
i^illon’s reactions common to all proteins; ai^ like these 
are precipitated by tanmc acid, mercuric chloride, and 
potassio-mercunc iodide, y 

Conjugated Proteins 

This name may be applied to various compKcated bodies, 
which resemble one another only in the fact that ip each of 
them a protem radical is combined with some other body. 

1. Hffimoglobin, the red colouring matter of the blood, is 
readily crystallisable. Qn^ boiling an aqueous solution it 
splits up into coagulated protein (gloto) mi an iron-contain¬ 
ing body named ^matin (Cj2H32N404Pe). Its properties will 
be described m the chapters on blood and respiration. 

2. NuclM-proteius.—These are a group of bodies occur¬ 
ring m large quantities m the protoplasm of cells. They 
are also found m the c^ta, m l^ph, and m blpod-plagna^ 
They consist of protein combined with a nitrogenous body 
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rich m phosphorus^alled ^ n uc lj^^ Aa th eg_>accu3; in ther 
ip ffloflt -pjLflas splr^la^iQ_5Kater str 
solutions, but af ter separation th ey nee d the presence of 
fre e,alkal i for their go^ntinn . When Bubi ected_to^,gastric i 
digestion , they are split pp , the protein half being convertedf 
into albuip pses and,,peptones, while the i^lem is pre-| 
cipiMed. ^e pr ^lein ,tl;^us obtained is a w hite amorphous 
ppsed^, insoluble in water, salt solutions, or acids, but soluble i 
Informs the chief constitu^t of celll 
nuclei, and conrists of a combination of protein, or pro¬ 
tamine, or histone, w ith a compl ex body containing nitrogen, 
knoTO a|^,ucleic^d* 

When the latter is heated with strong acids, it breaks up 
into phosphoric acid and a number of other substances, 
amongst which the most important are bases alhed to uric 
'' acid auii belonging to the xanthm or purin series (xanthm, 
hypoxanthin, adenin). 

In many cases a carbohydrate is found among the 
products of disintegration of nuclein. As first extracted 
from the animal cell, the nucleo-proteins are associated 
with a considerable proportion of lecithin, and in this fresh 
labile condition forin the tissue-fibnnogens of Wooldridge. 
To prepare these substances, an organ rich m cells such as 
the thymus is minced and extracted with water or normal salt 
solution. Afte r separatujg the cells by means of the centri¬ 
fugal machine, the clear fluid is decanted off and acidified 
with acetic acid, -^ precipitate is produced, consistmg of 
tissuejfibrinogen. This substance is soluble m excess of acid 
and IS easily soluble in alkahes. All the tissue-fibrinogens 
are highly unstable bodies and undergo changes in the mere 
act of precipitation and resolution. When mjected mto the 
blood, they cause intravascular clottmg. On digestion with 
gastric jmce, they yield a precipitate of nuclein, and this 
precipitate contams a large propoition of the lecithin present 
m the original substance. 

These complex bodies form the greater part of the proto¬ 
plasm of a livmg ceU. The chromatic part of the nuclei 
appears to be formed in most cases of nuclem, but the purest 
nuclear material at our disposal, the heads of spermatozoa, 
IB found to consist almost entirely of a definite compound of 
nucleic acid and either protammes or histones, so that the 
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•essential chemical constituents of a hving cell are here reduced 
to theu' simplest possible expression. 

The chemical relationships of the nucleo-proteins may be 
rendered clearer by the followmg table. 



The caseinogen of milk is often grouped with the nucleo- 
proteins, smce like them it gives a phosphorus-contaming 
precipitate on digestion with gastric juice. Like them too 
it is precipitated by the addition of excess of acid and is 
soluble in alkalies. The precipitate however which is yielded 
by gastric digestion is not a true nuclein, since it does not 
give the xanthm or purm bases on heating with hydrochloric 
acid. It seems m fact to be little more than an insoluble 
compound of phosphonc acid with protein, and has been 
termed pseudo-nuclein or paranuclem. The precipitate is 
stated to be absent m the case of casemogen of human milk. 
With rennet ferment caseinogen undergoes coagulation, form-'‘ 
mg casein or cheese (t?. Chap. VIII.). Casemogen, with certam ‘ 
other protems presenting similar properties, are often put m 
a distinct class as the phospho-proteins. 



THE MATERIAL BASIS OF THE BODY 


45 


3 Glyco-proteins.—This class of bodies is of considerable 
interest, since in many cases its members may represent 
stages in the upbuilding of carbohydrates in the protoplasmic 
molecule. They have been regarded as glucosides of the 
proteins, but in all cases where the carbohydrate moiety has 
been isolated in a state approaching purity, it has been 
found to contam nitrogen. Probably therefore in most in¬ 
stances the conjugation is not between glucose and protein, 
but between a body of the composition of glucosamine and 
protein. 

Glucosamine was first procured by boihng the chitinous 
shells of Crustacea with hydrochloric acid. It is formed from 
a molecule of grape-sugar or other hexose by the replacement 
of an OH group by NH^. In chitm this substance occurs m 
combination with acetic acid or some derivative of acetic acid. 
A somewhat similar substance is found in the cartilage of 
vertebrates. The cartilage matrix contains two chief sub¬ 
stances, chondro-mucoid and chondrin. By long extraction 
with weak alkali, a paii'ed acid, chondroitm-sulpliuric acid^ 
can be extracted from both these bodies, leaving behind m 
the case of chondro-mucoid a substance of the protein class, 
in the case of chondrm pure gelatin. On boilmg the chon- 
droitin-sulphuiTC acid with weak acid it is decomposed, with 
the formation of a body, chondrosm, which reduces Fehlmg’s 
solution and appears to be compounded of two derivatives 
of glucose, viz. glycuronic acid (Cf^HmO^) and glucosamine 

It IS possible that many so-called simple proteins contam 
a small amount of a carbohydrate residue wrapped up m then 
molecule. Thus from egg albumen, even crystaUised, it is easy 
to prepare a reducmg substance which gives a definite osazone. 
We have seen moreover that a carbohydrate may occui* m 
the decomposition of nucleic acid. La the typical glyco-pro¬ 
teins however, the carbohydrate moiety forms a much greater 
part of the molecule than in the last two cases. They may 
be classified as follows. 

1. Mucins. Mucin occurs m the saliva, and as a product 
of secretion of the mucous glands throughout the alimentary 
tract, and as a skm-secretion m many lower animals. It also 
forms an important constituent of the ground substance of 
connective tissue, from which it may be extracted by treat- 
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ment with hme or baryta water. On boiling with dilute 
mineral acids, it is converted into an acid-albumen and a 
reducmg substance containing nitrogen which appears to be 
isomeric with glueoBamine, and has been called mucosarmne. 
Owmg to its content of protein it of course gives the ordinary 
protein tests. It swells up m water, forming a viscid slimy 
mass. It IS precipitated by acetic acid, and is insoluble in 
excess of this reagent. It is soluble in dilute alkalies. 

2. The muco%ds include a number of substances, such as 
colloid, ovo-mucoid, pseudo-mucm, which are obtamed from 
ovarian cysts and other pathological formations. They also 
appear to be glucoside-hke combmations of a protem with 
some body allied to glucosamine, or the anhydiide of such 
a body. 

8. The chondro-proteins include substances which aie 
compounded of chondroitm-sulphmic acid and protem. One 
example of this class we have already mentioned under the 
name of choiidro-mucoid. Another important substance is 
the amyloid substance or lardacein which is found m the 
middle coats of the blood-vessels, in the liver, and other organs 
under certain pathological conditions. It is iusoluble in 
water, alkalies, acids, or gastric juice. It gives a red-brown 
colour with iodine, which, on the addition of strong sulphuric 
acid, turns to a dirty-blue colour. 

Bodies allied to Pboteins, ok Albuminoids 

Under this heading we may group a number of diverse 
bodies. 

1. GelaUn may be extracted from all connective tissues, 
especially bone and white fibrous tissue, by prolonged boiling 
with water. It forme a solution m water, which is hquid at 
high temperatures but sets mto a jelly when cold. It is pre¬ 
cipitated by tannic acid, but not by acetic acid. No tyrosine 
can be formed from it by boilmg with dilute sulphuric acid, and 
on this account pure gelatm does not give a red colour when 
boiled with Millon’s reagent. Gelatin is not present as such 
in the tissues, but is formed from a precursor {collagen) by 
prolonged boilmg with water. 

2. Ghondnn may be extracted by boilmg cartilage Its 
solutions are precipitated by acetic Acid, and form a jeUy 
when cold. On boilmg with dilute acids it is split up, with 
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the formation of a body possessing the power of reducing 
Fehlmg’s solution. It Has been shown that ohondrin is a 
compound of gelatm with a sulpho-acid (chondroitin-sulphuric 
acid, q.v., p. 46). 

3. Elasiin, the substance of which the yellow fibres of 
connective tissue are composed, is insoluble in water and dilute 
acids or alkalies. It is very slowly dissolved by gastric 
juice. 

4. Keratin forms the main part of the homy layer of the 
skm, nails, hair, hoofs, etc. It is very insoluble. It presents 
the same elementary composition as the proteins, but is 
distmguished from them by the very large quantity of sulphur 
present, which may amount to 6 per cent. A very similar 
substance, neuro-heratm^ can be obtained from the supporting 
framework (neuroglia) of nervous tissues. 

Both elastm and keratin give the colour-reactions of pro- 
tems, especially the 'xanthoproteic and Millon’s reactions. 
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Section 3 
THE EATS 


These bodies consist of the elements carbon, hydrogen, 
and oxygen. They occur to some extent m most tissues and 
form the greater part of adipose tissue. 

The lower acids of the fatty series are represented by 
formic, acetic, propionic, butyric acid, etc., and have the 
general formula The following formulae will serve 


to show the manner in which they are built up . 

Fonuio oold. A.ootta aold Froplonlo acid. Bntyrlo aold Vnlorlaulo acid 

Oaprolo field 
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Thus by adding the group CH^ a whole series of bodies 
can be formed increasing in molecular weight. The 16 -carbon 
acid is palmitic acid, and the 18 -carbon acid is known as 
stearic acid. 

Besides these we have another group of the general 
formula m which two of the CH^ groups are 

replaced by two GH groups linked by double bonds, thus 
OH 

II . To this group belongs the other chief acid of the fats, 
OH 

viz. oleic acid, Cjg 

The fat of adipose tissue consists of a mixtui’e of olem, 
palTTiitin, and stearin, the first bemg liquid and the two latter 
solid at ordinary temperatures. 

Pats may be considered as compounds of the triatomic 
alcohol, glycerin (CjfljCOH),), with oleic, stearic, or pal¬ 
mitic acid, water being eliminated in the act of combination. 
Thus: 


C3Hs(OH),-h8(0,8%AOH) = + 

Glycenn. Oleic acid Olein^ Water, 



.THE UATmUT. 'BAM 6? THE BODY 


49 


Fats are insoluble in water, but soluble in ether and in 
hot alcohol. When boiled with alkaline solutions, they are 
split up with the formation of glycerin and a compound of 
the fatty acid with the alkali, which is called a soap. The 
alkaline soaps are soluble in water. 

In the fats of nulk (butter) we find lower acids of Jhe 
fatty senes, such as butyric, capryhc, and caprone acids, 
combined with glycerin. AceUc aaid is also a member of the 
fatty acid senes. It occurs in the body as an amino-acid, 
glycine. 

LecitM^i .—This substance is a wax-like body which is 
universally distributed in the organism, and is found in espe¬ 
cially large quantities in the white matter of nerves and of 
the spiaal cord. It may be regarded as a compound of a 
molecule of glyceriu with two of stearic acid, one of phos¬ 
phoric acid, and a molecule of a nitrogenous base, chohn. Its 
composition is represented by the following fonnula : 


f ( 0 ] 823^02)3 


G3H5 


O-PO 


fOH 

0 -C- 3 H-N(CH 3 ) 30 H. 


Lecithin is miscible in all proportions in ether, alcohol, 
and fats. It swells up in water, of which it can imbibe a 
large quantity. 

Cholesier^n may be considered here although it does not 
belong to the group of fats. Like lecithin it is found wherever 
protoplasm is present and seems to be an essential con- 


Fio 16. 



Oholeaterin crystals 


stituent of every living cell. It is a monatomic alcohol 
(CggH^g.OH). It is easily soluble in ether or hot alcohol. 
From the latter it is deposited on coolmg in typical plate-like 

4 



60 


PHYSIOLOGY 


crystals, each of which has a comer knocked out. It is 
insoluble in water but slightly soluble in a solution of bile- 
salts. Its history and use in the body are absolutely un¬ 
known. 

^ On dissolving o holoste^ m ohlorofor^ and t hen 

^ adim^Sn e5i2 volnme of concentrated sulpEhhd’aoISTffie Shbleslenn soIu?ion 
\\ becomes first blood-red and then a more violet-red, while the sulphnno aoid 
^ appears daik red with green finorescenoe 

it,''’ t (2) On moistenmg oholestenn crystals with sulphuric aoid diluted wjtJi one- 
fifth of its bulk of water, tKe edges of the orystals become relish and then 
' ‘ violet. If a little lodme solution be now added, the crystals become by degrees 

\ violet bluish-green, and then blue. 
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SsiOTioN 4 

THE OAEBOHXDEATES 

These substances occur in large quantities in plants, and 
therefore are important constituents of the food. Only 
small amounts of carbohydrates however are at any given 
time present m the body, where they may occur as Sugar or 
animal starch, or built up with proteins and allied bodies 
into more complex compounds. They all consist of carbon, 
hydrogen,' and oxygen, both the latter substances being 
present in the same proportions as they exist in water. Their 
general formula is therefore OJSjiiO,,. They may be divided 
into three classes: mono-saccharides, di-saccharides, and 
poly-saccharides. 


1. The fifono-sacoharides 

These bodies are aU ketone or aldehyde derivatives of 
polyatomic alcohols. Thus from alcohols of the formula 
OjHjPg may be derived by oxidation either the aldehyde, 
d-glucose or grape-sugar, CHjOH(CHOH) 4 COH, or the ketone, 
d-fructose or Isevulose, 0 HjOH( 0 HOH) 30 O.CH 2 OH. 

The sugars (of which grape-sugar is a type) containing the aldehyde group 
—GOH, are spoken of as aldoses. Those wluoh, like losyulose, contain the 
ketone group—00—are called lietoses. 

The di- and poly-sacchandes are derived from the mono- 
sacchandes by a process of condensation attended with the 
elimination of water. The mono- as well as the di-sacchandes 
are all distingmshed by names endmg in —ose. Thus 
according to the number of carbon atoms present, we may 
distinguish trioses, tetroses, pentoses, hexoses, etc. Of the 
sugars only those with six carbon atoms, viz. the hexoses, 
which are of physiological importance, need concern us here. 

All the sugars resemble the ordinary aldehydes in being 
possessed of strongly reducing properties. Thus they reduce 
cupric to cuprous hydrate on boiling, and ammoniacal solu¬ 
tions of silver to the metallic condition. From a practical 
standpomt one of their most important reactions is that with 
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phenylliydrazme. On boiling an aqueous solution of sugar 
with phenylhydrazine and acetic acid, two sets of bodies'are 
formed, first hydrazones and then osazones. The reaction 
which goes on is represented by the following equations : 

OHaOH(OHOH) 30 HOH.CHO + 

G-lucose Phenylhydrazine 

CH,OH(CHOH)aCHOH.CH : N-NH-CeHs + HjO. 

PhenylglncoBehydrozone 

The hydrazone then reacts with another molecule of 
phenylhydrazme to produce an osazone. 

CH30H(CH0H)3CH0HCH : N.NH.O,H,-f H2N.NH.0gH,= 
CH20H(CHOH)30.CH: N.NH.C.Hg 

II +H,0 + H,. 

N.NH.C«He 

The hydrogen howevei is not given off m the free state 
hut acts on a third molecule of phenylhydrazme, splitting it 
into anilme (OjjHg NHg) and ammonia. 

The osazones are yellow crystalline compounds, which 
have definite solubilities and melting-pomts, varymg accord¬ 
ing to the sugars from which they have been derived. Hence 
these compounds are of great value in the separation and 
identification of sugars m a complex mixture. By acting on 
the osazones with reducing agents, such as zinc and acetic 
acid, an osamme is formed, e.g, glucosamine, and from this 
a sugar can be re-obtained by the action of nitrous acid In 
this case however the sugar is always a ketose, so that we 
may m this way convert glucose into fructose or Irevulose. 

A very large number of hexoses are known, the differ¬ 
ences depending partly on the variations in the structural 
formulae, partly on the varymg position of the constituent 
atoms of the molecule. Owmg to the asymmetric structure 
of the molecules, there are three sugars correspondmg 
to each structui'al formula. Two of these are optically 
active and rotate the plane of polarised light either to the 
right or to the left, while a third modification is inactive 
and can be regarded as consisting of an equal number 
of molecules of the two active varieties. It is customary 
to classify the glucoses into d- (dextro-rotatory), 1- (Isbvo- 
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rotatory), and i- (inactive) groups, and to distinguish the other 
sugars by the letters of the glucose with which they are 
most nearly connected, without any reference to their optical 
characters. Thus fructose or leavulose, although it is lasvo- 
rotatory, is distinguished as d-fructose owing to its relation¬ 
ships with grape-sugar, d-glucose. 

The different varieties of sugars are however easily con¬ 
vertible one into the other. Thus by the action of weak 
alkahes, glucose is converted into fructose and mannose and 
two other sugars. 

A number of the mono-saccharides are acted upon by yeast 
with the formation of alcohol, COg being evolved in the pro¬ 
cess. This action however is confined to the mono-saccha- 
rides with three, six, or nine carbon atoms. Moreover 
certain of the artificially prepared hexoses, as well as some 
occurring in combination with proteins m the glyco-proteins, 
are insusceptible to the action of yeast. 

Of the numerous hexoses known, we need only describe 
three which are of physiological importance, i.e, grape-sugar, 
galactose, and fructose or laevulose, the two first being aldoses 
while the latter is a ketose. 

Grape-sugar (d-glucose) or dextrose is found in small 
quantities in the blood and m numerous tissues of the body, 
and is the form to which all carbohydrates are converted 
before they reach the circulation. It occurs m large quanti¬ 
ties in grapes and, mixed with Isevulose, m honey and various 
fruits. When pure it forms colourless crystals which are 
easily soluble m water. Its solutions rotate the plane of 
polarised light to the right. 

Tests for dextrose, —l. Jtfoore^s tes t. On warming a solu¬ 
tion of dextrose with caustic potash or soda, the solution 
turns first yeUow and then brown. 

2. ^onmer’eJoftt. On addmg caustic potash or soda to 
a solutioV of dextrose and then a few drops of copper sul¬ 
phate, the cupric hydrate produced is dissolved to form a 
deep-blue fluid solution. On heatmg to boiling, the cupric 
is reduced to cuprous hydrate, which is thrown down as 
a yellow or red precipitate. Fehhng’s reaction is merely 
a modification of this test. An alkahne solution of cupric 
hydrate is prepared by adding EocheUe salt and potash to 
a solution of copper sulphate, the tartrate serving to keep 
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the cupric hydrate in eolation. On boilmg eome of this 
‘ Fehlin^B^,^(iLutiea ’ "with dextrose, it is reduced jjith tjie 
pro^itwn of the red cnprQus^hjdjaie. The proportions of 
the iugredients are so adjusted that 1 c.c. of Fehling’s solu¬ 
tion is exactly reduced by 0‘006 gramme dextrose. 

3. The phenylhydrazine test for sugar has already been 
described. The phenylglucosazone forms masses of yellow 
needle-shaped crystals which, when purified by recrystaUisa- 
tion from alcohol, melt at 204“ C. 

LcBvulose, fruit-sugar or d-fructose, occurs in fruits and 
honey in association with dextrose. It is also produced by 
the hydrolysis of a species of starch called mulin, and 
together with dextrose by the inversion of cane-sugar. It 
gives the same tests as dextrose, but rotates the plane of 
polarised light to the left. 

Galactose is obtained together with dextrose by the inver¬ 
sion of miLk;BUg ar, and is also present m the glucoside, 
cerebrin, which is found in the bram. It rotates the plane 
of polarised light to the right. 

2. The Di-sacohandes 

The di-saccharides can be regarded as anhydrides formed 
by the eombmation of two mono-saccharides with the elimma- 
tion of one molecule of water. Hence their general formula 
is CigHjiiOn. Under the action of hydrolytic agents they 
take up a molecule of water and split into two molecules of 
hexose. Thus 

Cane-sugar -i- H^O=dextrose -f- lesvulose. 

Lactose 4- HjO=dextrose -I- galactose. 

Maltose -l- H.p=dextrose 4 dextrose. 

Cane-sugar is the most important member of this group, 
and takes a prominent place in our dietary. It is crystaUine 
and easily soluble in water. On boibng with dilute mineral 
acids or under the action of certam ferments, it undergoes 
inversion, taking up one molecule of water and sphtting into 
dextrose and leevulose. 


CijHjjOj, 4Hjj0=0gH,2084C8Hij05. 
Cane-BHgaTi Dextrose. Lsevulose. 
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Under the action of the yeast fungus, cane-sugar is fifst 
inverted, and the invert-sugar is then converted mto alcohol 
mth the ebullition of COg. 

CgHj^gOg = SGgSgO -|- 200g> 

Alcohol 

Cane-sugar does not reduce alkaline solutions of cupric 
hydrate such as Pehling’s solution. When -warmed with 
shlphurio acid it turns black. On adding concentrated 
hydrochloric acid to a strong solution of cane-sugar and 
heating, the fluid turns a deep-red colour. The same reac¬ 
tion is given by lesvulose, but not by dextrose. 

Lactose or milk-sugar occurs m milk. It is much less 
soluble in water than cane-sugar and is only famtly sweet. 
It reduces Fehling’s solution. On boiling with dilute acids 
it takes up water and is converted mto dextrose and the 
isomeric sugar known as galactose. 

Lactose. Galactose Dextrose 

With the lactic acid organism it is converted into lactic acid. 
To this conversion of lactose into lactic acid is due the sour¬ 
ing of milk. 

CijHjjOi, -l-HgO=40aH803. 

Lactose Lactic acid 

Maltose is the end-product of the action of diastase, 
sahvary or pancrdatie ferments on starch. It reduces 
Fehhng’s solution and is converted on boilmg with dilute 
mineral acids into dextrose. 

3. The Toly-saccharides 

This group includes a large number of highly complex 
bodies which all occur in the amorphous conation and 
belong to the class of coUoids. Their general formula is 
(OflH,oOft)iB, where x may be anything from twenty up to a 
hundred or more. By hydrolysis they are all converted 
finally into mono-saccharides. They may be divided into 
three groups, starches, dextrms and gums, and celluloses; 
but we need concern ourselves here only with those members 
which are of physiological importance. 

Starch does not occur in the living body, but constitutes 
an important foodstufif, bemg present in large quantities in 
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neaily all vegetable food. It is a white powder consiBtmg 
of microBcopio grams with concentric rings. It is msoluble 
in cold water. When boiled with water, it swells up to form 
an opalescent semi-solution. This solution gives an intense 
blue colour with iodine. On boihng with dilute acids, starch 
IS ccsnverted first mto dextrin and then into dextrose. With 
various ferments, such as diastase (malt ferment), salivary 
or pancreatic ferments, it undergoes hydrolysis and is con¬ 
verted into dextrin and maltose. The change that occurs on 
boilin g with acids may be thus represented : 

% CjHioOs +,;HaO = CgHiaOg. 

Staoroh. Water. Dextrose, 

Glycogen or animal starch is found in the liver, muscles, 
and other tissues of the body, and occurs in especially large 
quantities in all foetal tissues. It is a white powder soluble 
in cold water, forming an opalescent solution. With iodme 
it gives a mahogany-red colour. It is affected by acids and 
ferments in the same way as starch. It is precipitated from 
its solution on the addition of alcohol to 60 per cent. It 
is moreover precipitated by saturation of its solutions with 
ammonium sulphate. 

Dextrin. Two varieties of this body may be distmguished 
according to their reaction with iodme— eiythiodextr%ny^'h\Q\i 
gives a red colour with iodine; and achroodextrm which 
gives no colour. 

It is said to occur m small quantities m blood, muscle, 
and liver, but it is chiefly of importance as being an inter¬ 
mediate product in the digestion of starch. It is gummy and 
amorphous, readily soluble in water but msoluble in alcohol 
and ether. On boiling with acids it is converted into dex¬ 
trose. It is not thrown down on saturation with ammonium 
sulphate. 

^ C^ikdo^e is the colourless material which composes the 
cell-walls and woody fibre of plants, and so occurs to a large 
extent in our food. In man however it does not undergo 
digestion and therefore need not be further considered here. 

In heibivorous animals cellulose undergoes digestive changes, and forms 
an important constituent of then food In this CMe the digestion is mainly 
effected through the intermediation of micro-organisms, and results m the 
formation of acetic and butyno acids and maish gas, besides othei substances 
In certain invertebiata a true cellulose-digesting ferment {cytase) is secreted by 
the walls of the alimentary canal 
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CHAPTEE III 
THE BLOOD 

Section 1 

THE EOEMED ELEMENTS OE THE BLOOD 

The blood, -which circulates through all parts of the living 
body and comes into close relationship with aU the tissues, 
acts as a ^dium j;)i_£imimin^atignj2^^ ceUs in 

the in tenoT.^oi tb^ body ajid those .on the ^surface. Thus it 
^nes the ab sorbed foodstuffs, which have been taken up by the 
cells lining the alimentary canal, to all the other cells of the 
body, and from these receives in^xchangeihek Jsaate products, 
GO^aniju:ea, or s^e 4«:ecjn:ipaL.oObesfi^ lisJia.- 

chargeJihftrn_tbvcir^ the intermediation of excretory cells on 
the surface or Mning involutions of the outer surface of the 
body, such as the cells of the sMn,^kidney. and luims. 

It IS evident that the composition of the blood must be 
according to the nature of the tissues it has 
Tsed, and these variations will be more fitly con- 
lotted when we come to the discussion of the activities of the 
various tissues. But we find that the felafidL cert^ain 

pswer of regulating-ita composition, or perhaps this function 
}4 ascribed to the various tissues through which the 
_ 3. However this may be, the fact remams that 

the blooa juu,b an average composition which it is our duty 
m this chapter to describe, and round which its composition 
varies only to a certam (definite) extent. 

The blood of man and most vertebiates is a r ed op aque 
lignid, rather viscous, and to the naked eye homogeneous. 
Arterial blood, ^.e. the blood m the pulmonary vems, left side 
of the heart, and the arteries generally, is bright scarlet; 
while venous blood, ^.e, blood m the systemic veins, right 
heart, and pulmonary aitery, is of a bluish-red hue. 

Shaking up venous blood with air or oxygen changes it to 
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arterial blood, and we shall see later that the b righ t colour 
io, the for mation-Ot a loose combmatiojx oixine-of the 
of the blood, hasmoglobin, with oxygen. This 
coffli)maticBa_ia,norraally-ioriaecLjiLJihe.liujigs, and is robbed 
of its oxygen in the tissues. 

On microscopic examination the bloo d is found to scgisiet 
of a nea^ colourless Auid, the h^uor sa ngy,inis or b laod- 
hoiding_iii, Biis.penBion an ^onnpua nmnber of solid 
l>odioH, the retLand blood-eorpusdes. 

The colour of the blood is entirely due to the i£d CQrjpusqles. 
These b iconcaYe jiisca. about 5 - 5 V 0 

of an inch in diameter, and a third of this in thickness. The 

Fia. 16 . 

® m ^ 



Kon-nuoleated led blood-discs of hamon blood On the right of the 
figure the oorpuscles aie seen on edge. (Swale Vincent) 

colour of a single corpuscle is yellow, the red colour being 
apparent only when large numbers of them are seen together. 
They form about 40 per cent, of the total mass of the blood, 
there being about five milh on led cor puscles m every cubic 
millini^tre of Mqod. 

They are soft, flexible, and elastic, so that they can readily 
squeeze through apertures and canals narrower than them¬ 
selves without being permanently distorted. Each red cor¬ 
puscle consists of a framework or stroma composed chiefly of 
protein material, containing in its meshes or in a state of 
loose chemical combination with it, a red colouring matter, 
heemoglobin, to which is due the colour of the corpuscles and 
of the blood itself. 

By treating the blood with weak solutions of tannic or 
boracic acid, a separation occurs between the hsemoglobin 
and the stroma. The heemoglobin appears as a small ball 
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near the centre of a colourlees blood-disc, or it may be ex- ^ 
truded and lie just outside the stroma. If &e -plasma be made t 
dena er bv evaporation or by ad(Htim ^of jaljtj^^ water 
diffuses from the corpuscle into the plasma, and the corpuscle 
shrinks and becomes wrinkled or crenated. on the other 
hand the pla sma be dilutejd, water diffuses from the suiTound- ^ ^. 
mg medium into the corpuscle, which swells up and becomes 
spherical. 

It is found that ^ O-Qper cent^BolutioapLSQdiu^jsbJQllcie 
the red co rpuscle of mammalian blood neither gams nor. loses 
m volume. In solutions of less concentration the corpuscle 
swells, while in those of greater concentration the corpuscle 
shrmks and becomes crenated. These facts show that the 
external limitmg layer of the corpuscle is impermeable to 
sodium chloride, but permits the easy passage of water to 
equalise the concentration within and without the corpusole. 

This movement of water is due to the fact that dissolved 
substances, hke gases, are always tending to expand within 
their solvents, a tendency which gives rise to diffusion from 
places of higher to those of lower concentration, or to a 
"pxeBBvoLe {osmotic p't essure) on any membrane or wall which 
is permeated by the solvent but which prevents the passage 
of the dissolved substances. When the corpuscles are im¬ 
mersed m a weak salt solution, the osmotic pressure within the 
corpuscle is greater than that outside, so that the corpuscle 
expands, and may indeed burst if the difference of concentra¬ 
tion IS sufficiently great. In solutions of higher concentra¬ 
tion, the external osmotic pressure is greater than that in the 
corpuscle, and water is squeezed out through the limiting 
layer, so that the corpuscle shrinks- 

It is evident that these changes of form will occur only 
when the corpuscles are immersed in a solution of some sub¬ 
stances which cannot penetrate the corpuscle. Most neutral 
salts {e.g. NaCl, Na,SO„ KNO 3 &c) belong ^to this category. 

A solution of urea, on the other hand, hahavBS-towarda- the 
ccxpuades like distilled water. If some red corpuscles be 
added to a 1 _pQr cent, solution of urea Jn_^ormalj|a^ 
tion ( 0*9 per cent. NaCl), they neithe r ah r i n k. nor- swell; and if 
the mixture be centrifuged, and the corpuscles and super¬ 
natant fluid analysed separately, the percentage of urea in the 
two cases will be found identical—though there will be a great 



60 


PHYSIOLO&y 


preponderance of sodium chloride in the supernatant fluid. 
There are a large number of substances besides water to which 
the corpuscles are permeable (and in this respect they resemble 
most other vegetable and animal cells), e,g. alcohol, chloro¬ 
form, ether, etc. Speaking generally, we may say that animal 
cells are freely permeable to all those substances which are 
soluble m fats and the allied lipoid substances, cholesterin, 
lecitbm, and protagon, which are invariable constituents of all 
living cells. If, for instance, we wish to stain a living cell, 
we must choose some dye-stuff which is soluble in this class 
of bodies. 

In buda. amp hibia, ajid fish es. differ fiom those of 

mammals in being nucleated Those of the frog for instance aie oval struc- 
turea, each containing an" oval nucleus with a well-maiked nuclear network 
The hsBmoglobm is diffused through the piotoplasm of the oell-body, and does 
not extend to the nnoleus Harpmalfl durmg^ the eaily nai*t of 
also po^es^ n^d^ted red ooiynsdes These howevei soon disappear entuely, 
to make way foi the oidmaiy non-nuoleated led discs In the c amel th e red 
cprpuMlna are avni m shape like those of the fiog, but n ossesa no .nuolgM 
They aie also much smallei than those of the frog ’ ^ 

The colourless corpuscles, or leucocytes^ are rather larger 
than the led diameter), and much fewer in 

number, there being only one white corpuscle to about 800 to 
600 red. 

They are colourless nucleated masses of protoplasm very 
similar to the simple organism described in the Introduction 
as the amoeba. Like this they have the power of moving 
from place to place, of takmg up food particles, and probably 
of reproduction by fission. 

^ Several varieties of leucocytes exist in the blood. The 
' ' most numerous variety, the ‘polymorphonuclear’ leucocyte, 
'' ';r presents a uucleijgjahich i^ bhed or composed of several parts 
united by fine threads. The prptqplasm contams some very 
fine granules which have only a faint aflBnity for acid dyes 
such as eosm. 

r_ More sparse are the leucocytes known as ‘ hyaline.’ These 
. possess only a single round or oval nucleus,~and their prpto- 
plasm is free from granules. 

About 6 per cent, of the leucocytes present a mass of 
coarse highly refracting granules iu their protoplasm. These 
^ ^ ^ granules stam intensely with eosm and other acid dyes, and 
are therefore designated ^siuophile. The nucleus is lobed or 
reniform. 



1 

i 



THE BLOOD 


61 


fourth variety repreBented m the figure is the lyni^ho- 
rpjuiB consists of a large round nucleus surrounded by 
vvx*' a thin layer of hyaline protoplasm. It is derived from the 
k'-;''’ .’lymphatic glands, and'probably represents an immature form 
of the hyaline leucocyte. 


Fig. 17 



d. 

VaiiouB foi-ms of leucocytes a Eosinophile corpuscle 6. Oidinary 
polynuoleai leucocyte (* neutrophile’). c Hyaline oorpuaole. 
d Lymphocyte 


Vetij tardy we find a fifth form of corpuscle contaiii- 
mg granules which stam deeply with basic dyes, such as 
' heematoxylm or methylene blue, and are therefore called 

Besides the red and white corpuscles, a third formed 
element has been described under the name of blood-platelets. 
These are small bodies, disc-shaped or irregular, about one 
quarter the diameter of a red corpuscle, and are always to be 
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niood-corpuBoles and blood-platelets, within a small vein 
(Schafer, ^tei Osier.) 


obseived on exammiiig the blood immediately after it has left 
the body. They have also been called haematoblasts, on the 
assumption that they ■were precursors of the red blood- 
corpuscles. These platelets have been observed in normal 
circulating blood, but it seems probable that they may be 
added to by a process analogous to one of precipitation in 
the plasma as it commences to die or to cool do'wn. 
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Chemistry of the Bed Blood-corpuscles 

We have already mentioned that these can be regarded as 
consistmg of two parts, the haemoglobin and the stroma, pro¬ 
bably in a state of loose chemical combination. 

By various means it is* possible to destroy this combina¬ 
tion and to dissolve out the haemoglobin, leavmg the colour¬ 
less, swollen-up stroma floatmg in the plasma. The effect of 
this is to make the blood darker but more transparent. In 
this condition it is spoken of as ^lakv blooi’^ 

Blood may be made laky by the following means : 

I (a) Addition of a" small amount of ether. 

(6) Free dilution with water, 
j (c) Alternate freezing and thawmg. 

I {d) Addition of bile salts ; and various other ways. 

I If -this blo od be allow ed to stand in a cool place for an 
hour or two, a mass of crystals is deposited, wMch consist of 


Pig 19. 



Crystals of oxyhesmoglobm. 1 Fiom lat 2 From guinea-pig. 

® From squirrel 

' I 

oxyhsamoglobiu. This crystallisation, occurs very readily.m 
the blood of some animals, such as the .rat, guinea-pjg, and 
dog ; much less so in ^hat of others, such as man, rabbit, and 
sheep. 

OxvhcB moqlohin thus obtained and purified by recrystal- 
lisation forms rhombic prisms or t^el^of a da rk-red colour 
(Fig. 19). It IS a,,..cgmpomd„oi ji, protein with an iron- 
containing residue ( haematm h and is distinguished from all 
other protems by the ease with which it crystallises. Its 
percentage composition probably varies shghtly in different 
animals. 
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Elementary analysis of haemoglobin crystals from the 
blood of the horse gave the foUomng results: 


.3^ Carbon. 

Hydrogen 

Nitrogen 

^ f \ Sulpliur 

^ ^, Iron 

. Oxygen. 

I \ • 

The empirical formula 
this would be— 


per cent. 

. 51-15 
. 6 76 
17 94 
. 0-889 

0»836 
23 425 

for heB^globm calculated from 


^ 7122 ^ 1130 ^ 2140245 ^^^ 2 * 


The most important property of hsemoglobin is its power* 
of uniting with a definite proportion of oxygen to form an 
easily dissociable compound, oxyhsemoglobin. One gram of 
hfiBmoglobin will combine with about 1*5 o.c. of oxygen 
(measured at 0° C. and 760 mm. pressure). This compound 
can be dissociated again by various agencies, such as heat or 
simple exposure to a vacuum, and we shall see, when talking 
of respiration, how very valuable to the organism is this easy 
dissociability of the oxyhsemoglobin molecule. 

If carbon monoxide gas be led through a solution of 
oxyhflsmoglobin, the oxygen is replaced by an equivalent 
proportion of CO, so that a more stable compound, CO- 
hgemoglobin, is formed; and this in its turn can be split 
up by nitric oxide gas with the formation of NO-hsBmo- 
globin. Thus the order of stability of these three compounds 
would be— 

NO-hBBmoglobin 

CO-kromoglobiD. 

Oa-liaBmoglobiii 

The poisonous properties of CO gas are due to this power 
it has of tummg out the oxygen from the oxyhsemoglobin, 
thus depriving the tissues of the oxygen which is normally 
carried to them by the red corpuscles. 

OxyhsBmoglobin is a brighter red and slightly less soluble 
than hflBmoglobin. Solutions of the latter are dichroic, 
appearing green by reflected and bluish-red by transmitted 
light. 

The reduction of oxyhsemoglobin to hsBmoglobin is easily 
effected by various reducing agents, such as ammonium sul- 
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phideor Stokes’ fluid (an alkaline solution of ferrous tartrate). 
This change in the colour of the compound is accompanied 
by a very evident change in its absorption spectrum. 

Dilute solutions of oxyheBmoglobin placed in front of the 
slit of a spectroscope give a very pronounced absorption 
spectrum, showmg two black bands between Fraunhofer’s 
lines D and E. On adding a few drops of Stokes’ fluid to the 
solution and waraimg gently, these two bands disappeaT, and 
are replaced by a single band, rather fainter and broader than 
the OgHb bands, and situated between them. On shaking 
the solution up with air, the bands of OgHb return, only to 
disappear agam when it is allowed to stand. 

CarhoxyhcBmoglohin has a very similar spectrum to oxy- 
hsemoglobin, but is a much brighter red. This difference in 
colour IB best observed on dilutmg the blood, when oxyhsamo- 
globm acquires a yellowish tmt, while the pink coloiu of CO- 
hsemoglobm is retained so long as any colour is visible. The 
most important distinction between the two kmds of blood 
lies, however, m the fact that CO-hsBmoglobm is imaltered 
by the addition of ammonium sulphide or Stokes’ fluid. 

Another compound of heemoglobin with oxygen is methcc- 
moglobm. This substance, although not of normal occurrence 
m the body, is found in urine and m blood whenever there 
IS a sudden breakmg down of red corpuscles with the settmg 
free' of excess of haemoglobm in the blood plasma. It may 
be prepared by the addition of potassium ferricyanide, per¬ 
manganate, or other oxidismg agent to the blood, or to a 
solution of hsemoglobm. It is a chocolate-brown substance, 
crystallisable, and gives a distmct absorption band in the red 
between the Fraunhofer lines G and D On treatment with 
a few drops of ammonium sulphide, the metheemoglobm is 
converted iuto hsBmoglobin, and this on shakmg with air 
will re-form oxyhasmoglobm. This reduction cannot be 
effected by simple physical means, such as exposure to a 
vacuum, and it seems probable that methsemoglobin contams 
exactly the same relative amount of oxygen as oxyhsemo- 
globm, but in a different state of combmation, thus— 



OxyhfiBDQOglobm Methnomoglobm. 
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It is mteresting to note that, on treating oxybromoglobia 
with potassium fernoyanitje, the whole of its oxygen is given 
off in the free state, the ferricyanide only then attacking the 
reduced haemoglobin and oxidising it again (but in a different 
way) to metheemoglobin. 

This fact has been utilised by Haldane m devising an easy method for 
determining the oxygen capacity of any given .sample of blood (i e the total 
amount of oxygen which the blood can hold m combination) 

A measured quantity of arterial blood is placed in a bottle and laked by the 
addition of some weak ammoma A small tube ooutainmg potassium fern- 
oyamde is then placed m the bottle, which is then closed and connected by a 
rubber tubmg with a graduated gas burette oontainmg water The bottle is 
then mverted so as to mix the femoyamde solution with the blood All the 
combined oxygen of the oxyhssmoglobin is given off, and its volume determined 
by reading off the amount of water displaced in the gas bmette. Care, of 
course, must be taken to keep the temperature of the whole apparatus constant 
during the operation 


Hsemoglobm is very easily destroyed by various means 
(heat, alcohol, weak acids, and strong alkalies), bemg split 
up mto an iron-contammg pigment, heematm, and a piotein 
residue, which is called globin. The latter can be piepaied 
by treatmg the pure hsemoglobm with weak hydiochloric 
acid, which dissolves and splits up the hasmoglobm. The 
globm can then be precipitated by the addition of ammonia. 
Although coagulable by heat it presents many analogies with 
the group of proteins which have been descnbed as histones, 
and can therefore be mcluded for the present m this class. 

Hcemahn (GggHjijN^OjFe), when dried and purified, forms 
a bluish-black crystalline mass, msoluble iu water and alcohol, 
but easily soluble in acids oi alkaUes in alcoholic or watery 
solutions. It forms compounds with acids and alkalies which 
are known as acid and alkalme hfematin, each of which gives 
a characteristic absorption spectrum. 

With hydrochloric acid it forms a crystalline hydrochloiide 
known as hcemin. This compound is prepared with extreme 
ease, and this fact, combmed with the very definite appearance 
of its crystals, renders it a very delicate test for blood. 

To prepaie hsamm crystals a little dried blood, hremoglo- 
bm, 01 hffimatm is heated with a mmute crystal of common 
salt and glacial acetic acid, and then allowed to cool. Haemm 
crystallises out, and can be recognised on exammation under 
the microscope. The crystals are daik lirown, sometimes 

5 
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nearly black, and present tke form | of rhombic plates, often 
arranged m radiating bundles. 

Alkahne htematin is interestmg from the fact that it may 
be reduced by ammonium sulphide and re oadised on shaking 
■with air, just hke a solution of O^Hb. The spectrum of oxy- 
alkaline hsematm shows one very indefinite absorption band 

Fio 20 



Abeorption apectia of heamoglobm and its derivatives 1 Oxy- 
hsBmoglobm. 2 Beduced heBmoglobin. 8 MetboBmoglobin. 4 Al¬ 
kaline methsBmoglobin. 6. Aoid hasmatm in ether. 6. Alkaline 
heamatm in rectified spirit 7. Eeduoed hromatm 8 Aoid hesma- 
topoi-phyim 9. Alkaline hEematoporphynn (From MocMunn ) 

close to D. Eeduced alkaline hssmatin gives two sharp 
absorption bands, similar to those of oxyhsemoglobin, but 
rather nearer the blue end of the spectrum (Fig. 20). 

A body similar to, if not identical with, reduced alkaline 
hssmatin, hmmochromogen, is formed when hssmoglobin is 
warmed with caustic potash in a vessel from which all air has 











\ 

been driven out by the passage of a stream of hydrogen or 
other neutral gas. 

If pure hflsmin be treated with ammonium sulphide, it 
is reduced to heBmochromogen. If to this solution globin 
(prepared from hsBmoglobm) be added, and the mixture 
allowed to stand for some days, it is found that reduced 
haemoglobin is formed. It is mterestmg to note that egg- 
white may be used in this experiment instead of globin, 
showing that other proteins can take the place of globin in 
the haemoglobm molecule. 

Other derivatives of heemoglobm are— 
a. Hcbmatoporplvyrm (Cu^HjgNaOa), or iron-free haamatin, 
is easily prepared by the action of strong sulphuric acid on 
blood, oxyheemoglobm, or hsamatin, or by the action of 10 
per cent, hydrochloric acid on reduced heBmoglobin, the 
separation of the iron from the rest of the molecule taking 
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place 'With greater readiness m the absence of oxygen. It 
forms a deep purple solution with characteristic spectrum m 
the acid, from which it is piecipitated as a black powder on 
free dilution with distilled water. It is isomeric with 
bilu'ubm. With alkalies it forms alkalme hsematoporphyrin, 
with spectrum differing somewhat from the acid compound. 
Hsematoporphyrin is found in minute traces in normal m’ine, 
but may occur in large amount in urine after poisoning by 
sulphonal. Hasmatm may be regarded as consisting of two 
hiematoporphyrin groups linked together by means of one 
atom of iron, which also attaches an oxygen atom, as is 
represented by the formula 


OioHieNjO 


> 


Pe=0 


h. JSydroUhmUn is produced by the action 

of tm and sulphuric acid on an alcoholic solution of hsematm. 
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c, Hcematohdui (probably identical with bilirubm) occurs 
as orange-red rhombic tables m old blood-clots in the body. 

The STROMA may be obtained fiom laky blood by the 
addition of dilute sulphuiic acid or acid sodium sulphate, by 
which the swoUen-up stromata are shrivelled up ; they may be 
collected by allowmg the liquid to stand, or by means of the 
centrifuge. On chemical analysis they are found to consist 
chiefly of nucleo-protems. They are soluble m weak alkalies, 
and on prolonged gastric digestion give an msoluble residue, 
rich in iihosphorus (nuclein). On extiaction with alcohol 
and ether they yield a certam amount of lecithin, cholestenn, 
and fats. 

Impoitant constituents of the red corpuscles are the salts 
and watei The salts aie chiefly potassium and iihosphonc 
acid compounds, theie bemg very httle chlorides present, and 
little or no sodium (cf. the serum). 

The coipuBcles contam about two-thuds of their total 
weight of water. 

L'hfe-history of the Bed Blood-corpuscles 

There can be no doubt that a continual destruction of red 
blood-coipuscles is gomg on m the body. Thus an animal 
secretes every day by the agency of the hver a considerable 
amount of bile, contammg a pigment, biliiubm. This pig¬ 
ment can be shown to be deiived fiom the hsamoglobm of 
the red blood-corpuscles In cases where an effusion of blood 
has taken jilace into the brain or the connective tissues, we 
often find some months after the lesion that the corpuscles 
and red pigment have disappeaied, and that the comiective 
tissue m the vicmity contains a number of yellowish-brown 
crystals, known as bssmatoidm crystals. These ciystals are 
identical in form, composition, and reactions with bihrubm, 
the colourmg matter of the bile. 

Under normal ciicumstances however, the conversion of 
heBmoglobm into bile-pigment, as we shall see later on, takes 
place exclusively m the hver. It is found that if, by the 
injection of poisons such as pyrogallol or toluylene diarmne, a 
number of red corpuscles are broken up and destroyed, settmg 
free hesmoglobm m the blood-plasma, there is marked mcrease 
in the amomit of bile-pigmeni formed by the hver; and a 
similar mcrease may be brought about by the mjection of 
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solutions of pure haenioglobm mto the blood. Wliat is the 
chemical change involved in this convex sion ? 

From a comparison of the formula of haematin 
OgFe) with that of bilirubm (Oii.H^gNaGa), we see that the 
change is associated with a loss of iron; and we find, as a 
matter of fact, that in all cases in which there is an increased 
hcBmatolys'is (destruction of red corpuscles), there is at the 
same time an accumulation of iron in the liver. This ac¬ 
cumulation is especially well marked in cases of pernicious 
anaemia. It seems probable that, under normal circumstances, 
the haemoglobin is broken up in the liver, part of the haematin 
molecule being transformed mto bilirubin and tmTied out of 
the body with the faeces, while the iron is stored up in the 
liver to assist in the formation of fresh haemoglobm or new 
red blood-corpuscles. 

The piesence of non in the livei cells may be easily demonstrated m hesh 
or alcohol-haidened specimens by tieating a out surface oi section succes¬ 
sively with potasamm ferrocyamde and dilute hydiochlonc acid After 
seveie blood destruction the whole hver may present on this tieatment a 
deep-blue colom, due to the formation of non feriocyanide 

We have not yet been able m the laboratory to convert 
haematin directly into bilirubm. Iron-free haematm or 
haematoporphyrin is however very nearly allied to bihrubin, 
the empirical formulae of these two bodies being identical. 
We can moreover by the action of reducing agents obtain 
identical products from haematm and bilirubin. Thus by 
treating haematm with tin and hydrochloric acid or by acting 
on bilirubin with sodium amalgam, a body, hydrobilu*ubin, is 
produced, which apparently belongs to the same class of 
bodies as urobilin, a pigment occurrmg in small quantities in 
the m'me. There is no doubt that this latter pigment can be 
derived from bilnubin under the influence of putrefactive 
organisms, and it is in this way that the urobilm of the faeces 
(the so-caUed stercobilm) is produced. 

It is evident then that the pigments excreted from the 
body in the urme and faeces are derived from haematm, and 
therefore that a dismtegi’ation of the red blood-corpuscles 
must be continually takmg place. 

Smce, m a healthy animal, the amount of corpuscles in 
the blood remains approximately constant, a contmual pro¬ 
duction of new corpuscles must go on to take the place of 
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those destroyed and discharged to form bile and urinary 
pigments. There is considerable doubt as to the exact mode 
and place in which this regeneration occurs, and the process 
seems to be quite different according as we consider the 
foetal or adult condition. We may therefore consider first 
the formation of red corpuscles in the embryo and new-born 
animal. 

The red corpuscles at an early stage of foetal life are 
nucleated, like those of the frog or bird. In the vascular 
area of the chick, nests of nuclei are found embedded m 


Fia. 22 



Seotion of red maiTow of mtimmal (Bobm and DavidofE) a, eiy- 
throblasts, b, reticulum, c, myeloplax; d, gf, mariow cells, /, a 
marrow cell dividing, 7i, a space whioli was occupied by fat 


colourless masses of non-differentiated protoplasm, A little 
later it is seen that these nuclei are all surrounded with 
a differentiated portion of the protoplasm, which now con- 
tams hfflmoglobin, the intervenmg undifferentiated portions 
having become more flmd and representing the future 
blood-plasma. Very soon the masses of protoplasm become 
channelled and connected with one another and with the 
large vessels coming from the heart, and the fully formed 
blood moves on into the general circulation in response to 
the heart-beat. 

Accordmg to Schafer, non-nucleated blood-discs may be 
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produced m a very similar fashion. Towards the end of 
festal life we find m the developing connective tissue branched 
masses of protoplasm contammg nuclei. These nuclei how¬ 
ever are "not wasted on mere oxygen earners but are entirely 
used to form the endothelium of the capillary wall; and 
non-nucleated red corpuscles are developed by a simple 
differentiation of the central part of the protoplasmic mass, 
the parts of the protoplasm between the corpuscles again 
appearing to fmmish the material for the flmd plasma. 

This process however seems to come to an end withm 
a few days after birth. In order to find the seat of blood 
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Section of red manow of pigeon (Denys). Zc, eoainophile leuco- 
oytea, cg, fat oells, e, nnclens of endothelial cell of blood-vessel, 
ca, blood capillary, ei , erythroblaats lying within vascular endo¬ 
thelium ; glr^ fully formed led corpuscles 

production after this period, the 1 best method is to increase 
the activity of the process by inducing an abnormally large 
destruction of corpuscles, either by,the mjection of poisons or 
by the actual removal of blood. If the animal be killed when 
by such means its blood-forming powers have been called 
upon to the utmost, the only organ I or tissue of the body 
which exhibits any sign of hypertrophy is’the red marrow of 
the bones. Ordinarily in the adult • animal this red marrow is 
found occupymg only the spaces of the cancellous tissue of 
the ribs and vertebrse, and at the ends of the long bones. 
But after bleednig it may be found occupying a laige extent 
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of the shafts of the bones. On microscopic examination it is 
found that, of the numerous cells which compose this tissue, 
myelocytes, osteoblasts, marrow and fat cells, the only 
elements piesent in excess are nucleated cells contammg 
hsemoglobm in them protoplasm. Many of these cells are m 
a state of active division, and all intermediate stages can be 
found between the daughter-cells, contaming well-formed 
nuclei and stained with hffimoglobm, and the ordinary non- 
nucleated red blood-disc, the nuclei apparently degeneratmg 
and undergoing solution or extrusion from the cell. The 
capillaries in the red marrow are bounded by walls which 
may be imperfect, thus admitting the entry of the newly 
formed corpuscles into the circulatmg blood. According to 
some authorities, the large red cells are themselves derived 
from colourless nucleated cells, the so-called erythroblasts. 
Among the complex of cells forming the red marrow it is 
very difficult to make certain of this fact, but there seems to 
be little doubt that such is the case in the bird. If we 
examine the red marrow of the pigeon we find that the 
capillary walls are perfect, but are lined internally by a layer 
of blood-formmg cells (Fig. 28). In this layer all stages can 
be found between the colourless erythroblast and the mature 
oval nucleated red blood-corpuscle, which is characteristic of 
this class of animals. 

The occasional occurrence of nucleated red blood-corpuscles 
in the spleen, especially after great loss of blood, has been 
regarded by some physiologists as a proof that this organ also 
takes part in blood formation. It seems more probable that 
the chief function of the spleen in this regard consists in the 
destruction by its cells of inefficient or weakened corpuscles, and 
that it is rather a blood-destroying than a blood-forming organ. 

We need at present only mention the \oew put foiward by Hayem and 
otheia that the red blood-disca are piodnced in the circulating blood by a 
giadnal modification of the blood-platelets or hsamatoblasts 

We have no evidence to tell us how long a red corpuscle 
lives, or how long it can carry on its functions before it is 
broken up in the liver or spleen and cast out of the body. 
Experiments, such as injection of the blood of a bird into a 
mammal when the introduced blood-corpuscle can be always 
identified, naturally give us no idea of the duration of activity 
of a normal corpuscle. 
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Since iron is an essential constituent of haemoglobin, it is 
evident that our food must contain enough iron to restore the 
loss of it m the corpuscles. The amount however need be 
only very small if it were all assimilated, for the whole blood 
of an average-sized man does not contain more than about 
2*6 grms. Pe. 

Inorganic forms of iron, such as the iron salts, are how¬ 
ever absorbed only in very small quantities, and there is 
some probability that a good deal of the haBmoglobin is re¬ 
integrated from an organic form of iron contained m the 
food, called hfematogen—a protem belonging to the group of 
nucleo-proteins and containing iron in a state of ultimate 
chemical combination. After administration of organic iron 
salts, this metal may be demonstrated in the absorbing villi 
of the intestine. It is diflScult however to determine exactly 
the amount of iron absorbed, since the mam channel for 
excretion of this substance, as for most of the other heavy 
metals, is the mtestinal tract. Thus the amount of iron which 
can be recovered from the fjeces is no index to the amount of 
iron which has escaped absorption. 

Chemistry of White Blood-coipusdes 

The chemistry of the white blood-corpuscles is the same 
as that of any mdifferent animal cells. It can be studied 
most conveniently on the leucocytes of lymphatic glands. 
These are found to consist almost entirely of bodies belonging 
to the class of nucleo-proteins. The extract of these cells 
on treatment with acetic acid gives a precipitate of nucleo- 
protem, which is soluble in weak alkalies. The solution 
produces intravascular clottmg on injection into the blood¬ 
vessels. Besides the nucleo-proteins, the leucocytes contain 
lecithin, fats, and cholesterm, and often glycogen, in addition 
to various nitrogenous extractives. Their salts are similar 
to those of the red corpuscles, and contain a preponderance 
of potassium salts and phosphates. 

Origin of White Blood-corpuscles 

The various kinds of leucocytes probably differ in their 
mode of origin. There seems little doubt that the hyaline 
corpuscles are derived from the lymphocytes, which are found 
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in the lymphatic glands and enter the blood with the lymph- 
stream by way of the thoiacic duct. 

Many authorities ascribe a similar mode of origin to the 
chief or polynuclear leucocytes. These corpuscles occui* 
mainly in the blood, and have been seen m a state of division, 
so that it is most probable that they reproduce themselves by 
direct cell division m the blood-stream itself. 

The eosmophile corpuscles are found m large numbers m 
the connective tissue in various parts of the body, especially 
m the red marrow of bones. They probably represent a migra¬ 
tory tissue siLi geiieii^s (perhaps of a glandular nature), and 
are derived from similar cells by division in the blood-stream 
or in the comiective tissues. 

Estiviatwn of Blood-corj^usolcs 

In order to count the corpusolea, a known small volume of blood is diluted 
with some mdifferent fluid (such as 0*9 per cent NaOl solution), and a drop of 
this placed m a smaU cell on a glass shde, the bottom of which is luled with 
squares The depth of the cell and the size of the squares being known, it is 
easy to count the corpuscles lying on each squai’e under the mrorosoope, and 
from this to estimate the number present m a cubic millimetre of undiluted blood 

Thus in Gowers’ haemocytometer the grn»duated glass cell is J milhmetre 
deep, and each square is ^ millimetre each way 

Five cubic mm of blood are drawn into a graduated capillary tube, and 
then blown mto a ‘ mixing vessel ’ containing sodium sulphate solution (sp gi 
1026) The mixtuie is well stiiTed and a drop placed in the middle of the cell, 
and the cell covered In a few minutes the corpuscles have sunk to the bottom 
of the cell, and rest on the squares The nmnber of coi’pusoles m ten squares 
IS counted, and this multiplied by 10,000 gives the number of corpuscles m a 
cubic milhmetre. In normal blood there are from four to five million cor¬ 
puscles m a cubic millunetre {le an average of forty or fifty to each square of 
Goweis’ instrument) 

Eaiimatuyn of Eanmglohin 

To estimate the amount of hnsmoglobinin a given sample of blood, 20 cubic 
mm are taken and diluted with water, until the mrxtiu’e is equal m tint to 
a permanent standard coloured solution made with glycerin and carmine, and 
cor responding in tint to blood diluted 100 times (Gowers’ hfemoglobinometer) 
Thus the number of times the blood must be diluted to biing it to a stondaid 
tint divided by 100 gives the percentage amount of biemoglobm piesent, the 
noimal amount being taken as 100. 

In von Fleischl’s haamoglobinometer the specimen of blood is always diluted 
to the same extent, but the standard of comparison is a wedge of coloured 
glass, which can be shpped to and fio till its tint exactly equals the tint of the 
sample of diluted blood placed m a gloss ceU by the side of the wedge foi com¬ 
parison The sliding wedge is graduated to mdicate the percentage amount of 
hesmoglohm present compaied with the normal. Thus if the tint of the blood 
IS equal to the wedge at 100, the blood contains the normal amount of hferao- 
globm , if at 60, half that amount, and so on. 
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Section 2 

THE COAGULATION OF THE BLOOD 

The most striking property of blood is that of clotting 
when it is shed. If blood be drawn from an artery or vein 
mto a vessel, in from two to three minutes it becomes rather 
viscid. This viscidity increases till the whole mass of blood 
solidifies to form a jelly-like mass, exactly occupying the 
volume of the original fluid blood. 

After about an hour, yellowish drops exude from the sur¬ 
face of the clot, and this exudation continues till the clot has 
shrunk to half its former dimensions, and floats in a clear 
yellow fluid (the serum). 

Thus, as a result of standmg, the blood has been resolved 
into solid clot and fluid serum On examinmg the clot under 
the microscope, we find that it consists of all the corpuscles 
enclosed in a meshwork of fine fibrils (Fig. 24). 

Pio 24 


Netwoik of fibrin, aftei washing away the corpuscles from a film 
of blood that has been allowed to clot, many of tlie filainents 
ladiate from little clumps of blood-platelets (Hohufer ) 

If however, directly the blood is drawn, it be whipped with 
a bundle of twigs or anythmg presenting a large rough surface, 
the latter becomes covered with a strmgy mass, and we find 
that the blood has lost its power of settmg to form a jelly. 
This stringy mass is called fibrin, and it is evident that the 
coagulation of the blood is due to the appearance in it of these 
fibrils of fibrin, which form a network enclosuig in its meshes 
the corpuscles and the remaining fluid part of the blood. 
This network then contracts, squeezing out the fluid, which 
appears on the surface of the clot as the serum. 

Fibrin obtained by whipping fresh blood, or by washmg 
away the corpuscles from a clot, exhibits the following pro¬ 
perties ; 

It is hiBoluble in water or in dilute saline solutions. In 
stronger solutions, such as 10 per cent, potassium nitrate, it 
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is very slowly dissolved, but is altered in the process, the 
solution containing not fibrin but proteins belonging to the 
globulin class. It swells up in dilute HCl (0-2 per cent.), and 
if digested with it at a temperature of 40' C. slowly dissolves, 
with the formation of acid albumen or syntonin. If shreds of 
fibrin are suspended m water and heated to boiling, thejr are 
converted mto coagulated protein, losmg the property of swell¬ 
ing up in dilute HOL The general reactions and constitution 
of fibrin show that it belongs to the class of proteins. 

The serum, the other end-product of the reactions which 
determme coagulation, is a transparent yellowish fluid, con¬ 
taining about 7 to 9 per cent, total solids. Of these, nearly 
eight parts are protein m nature. Proceeding on the lines of 
the conventional classification laid down in the second chapter, 
we may separate two distmct protems m the serum—serum- 
globulin or paraglobulin, and serum-albumen. The serum- 
globulm may be thrown down by satm^ation with magnesium 
sulphate, or by addmg to the serum an equal volume of a 
saturated solution of ammonium sulphate. It is also thrown 
down if the serum be dialysed against distilled water, show- 
mg that it is insoluble except in the presence of a certain 
amount of neutral salt.^ On heating, it coagulates at about 
76° 0. An imperfect separation of paraglobulin may be 
effected by diluting the serum with twenty volumes of distilled 
water, and addmg a trace of acetic acid or passing a stream 
of CO 2 through the liquid. On removmg the globulin pre¬ 
cipitate, the filtrate still contains 3 to 6 per cent, of a protein 
belonging to the albumin class, known as serum-albumen, 
which is soluble in distilled water, not precipitated by satura¬ 
tion with magnesium sulphate, but totally precipitated on 
Batm’atmg with solid ammonium sulphate. The filtrate from 
this last precipitate is perfectly free from protems. Solutions of 
serum-albumen coagulate on heating between 77° and 86° C. 

By the method of fractional heat-coagulation three vaneties of seiuin- 
albnmen have been separated But in the absence of fui’ther chemical proof 
the value of the separation so effected must he legaided as doubtful 

‘ It has been shown lately that the piecipitate obtamed from serum on 
saturation with MgSO^, 01 half saturation with ammonium sulphate, really 
comprises two bodies — 

(a) A true globulin, called euglobnlin, msolnble m pme water, and identical 
with the piecipitate obtamed on dialysis 

(b) A pseudo-globulm, soluble m distilled watei, and therefore remammg in 
solution when the salts are lemoved by dialysis 
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The other constituents of the serum include extractives 
such as urea, sugar (in small traces), and about 1 per cent, 
inorganic salts, of which sodium chloride, carbonate, and 
phosphate are the most important. 

We have now to consider the processes which lead to the 
formation of fibrin in shed blood. In older to analyse these 
processes it is necessary to slow the process of coagulation. 

Clotting is favoured by the following influences . 

Exposure to high temperature (up to 60° C). 

Contact with foieign surfaces (as when the blood is whipped 
with a bundle of twigs). 

It is retarded or prevented by— 

E^posui’e to cold (blood may be kept fluid almost in¬ 
definitely at a httle above 0° C.). 

Mixture with various salts, such as magnesium or sodium 
sulphate, or common salt. The blood is received into one- 
third its volume of a saturated solution of magnesium sul¬ 
phate, or mto an equal volume of half-saturated sodium 
sulphate solution. 

By receivmg the blood from the vessels dnectly into a 
solution of a soluble oxalate m such piopoitions that the 
resultmg mixture contams 1 m 1,000 of oxalate. 

Injection of albumoses (‘peptone’) or of leech extract (also 
an albumose) mto the vems before the blood is drawn. 

Contact with the linmg membrane of a Living blood-vessel. 
Thus if we hgatuie the jugular vem in a horse at two pomts, 
the blood m the intervenmg part will remain flmd for many 
hours. In fact, two such ‘ livmg test-tubes ’ may be prepared, 
and the blood poured m a thm stream from one to the other 
without coagulatmg. 

If blood be drawn from an artery or vem m a bird, without 
commg m contact with the surrounding tissues, it does not 
clot. Clottmg can be at once induced by addmg a small frag¬ 
ment of tissue, or a watery extract of any of the bird’s tissues. 

If blood which has been prevented from coagulating by 
one of these methods be allowed to stand in a cool place, the 
blood-corpuscles, which are heavier than the plasma, gradually 
smk to the bottom, leaving a clear supernatant layer of plasma, 
which can be pipetted or siphoned off.^ 

‘ This pioceaa is much ahoitenetl by using a centiifugal maclime This 
consibts ebscntiiilly of a hoiizontal wheel, with slots cut in it m which tubes are 
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Plasma prepared in this way perfectly free from formed 
elements can be easily made to clot. Cooled plasma clots 
directly its temperature is allowed to rise; salt plasma on 
simple dilution; oxalate plasma on the addition of a soluble 
salt of lime, peptone plasma on dilution and passage of 
a current of GO^. 

The clot formed is colourless, and contracts after forma¬ 
tion just like the clot formed in the whole blood. It only 
differs from the latter in containing no corpuscles: m fact it 
is pure fibrm. 

Hence it is evident that the blood-plasma contains loithin 
itself the precursors of fibrin. 

We may therefore represent the processes occurring in 
coagulation schematically as follows : 

Clotting of blood at rest 

Blood 

I 

Blood-corpuscles Plasma 

Fibrin Seiuin 

_ _I 

clot 

Olottmg of whipped blood 
Blood 

_I _ _ 

Blood -001 pusoles Plasma 

Serum Fibriu 


Defibnnated blood 

What aie these precursors? If plasma prepared in either 
of the foregoing methods be saturated with common salt, a 
sticky white precipitate is produced. This may be collected 
on a filter and washed with saturated salt solution to remove 
all traces of adhering plasma. If we dissolve this substance 

BUflpeuded. These tubes aie filled with the blood, and the wheel made to re¬ 
volve about 2,000 times pei mmute The tubes swing out to a hoiizontal 
position, and the oentnfagal foice causes all the heavier particles to collect at 
the ends of the tubes, so that m half an hour the blood-coipuscles foim 
a compact mass at the bottom of the tubes 



THE ^oei) 


79 


in dilute salt solution, the solution (at the ordinary tempera¬ 
ture) soon becomes viscid and clots, the clot after a while con- 
tractmg and separating out a serum, which is found to contain 
a protein belonging to the globulms. Denis, the discoverer of 
this precipitate, called it plasmme, and supposed that clotting 
consisted essentially in a splittmg up of this simple soluble 
body into two bodies, one of which was insoluble (fibrin) and 
the other soluble (serum globulm). 

Later on Alexander Schmidt found it possible to separate 
this plasmine into two substances, which he called fibrinogen 
and fibriuoplastm. Now the latter is identical with the para- 
globuliu of the serum, and this, as Hammarsten showed, takes 
no part in the process of clotting. We must therefore regard 
the fibrinogen as the precui*sor of fibrin, smce it entirely dis¬ 
appears and is replaced by fibrin. 

Fibrinogen was origmally prepared by passing a current 
of CO^ through plasma aftei dilution with twenty volumes of 
water. The separation, however, is much better effected by a 
modification of Denis’ original method. Sodium chloride is 
added to the plasma until it reaches 16 per cent. This is 
conveniently done by addmg to each volume of the plasma an 
equal volume of a saturated solution of NaCl, containing about 
30 per cent, of the salt. A precipitate is gradually produced, 
at first granular and then becoming flocculent and fibrinous. 
This precipitate may be washed free from adherent protein 
by half-satui’ated solution of sodium chlonde. The pure 
fibrinogen thus obtained belongs to the class of globuhns, 
being msoluble in distilled water but soluble in dilute salt 
solutions. The solutions coagulate on heatmg at the low 
temperature of 66® 0. 

If the plasma which served as the soui’ce for the fibrinogen 
was sodium sulphate or sodium chloride plasma, the solution 
of the fibrinogen may clot on simple standmg, being almost 
entirely converted mto fibrm, only a small trace of piotem 
bemg left m solution. The change therefore from fibrmogen 
to fibrm mvolves a process of splittmg, m which by far the 
larger proportion becomes insoluble. If however we get the 
fibrmogen from magnesium sulphate or oxalate plasma, the 
solution, although m all other respects identical ^vlth that 
obtained from sodium sulphate plasma, does not clot on 
standing; and the same is sometimes found with the fibrinogen 
solution from sodium sulphate plasma, if the precipitated 
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fibrinogen has been very thoroughly washed. In aU cases 
however a pure fibiinogen solution can be made to clot by 
addmg to it a drop or two of seiiun, or of the washmgs of 
a blood-clot. It is evident therefore that some other factor 
besides fibrmogen must be present m order to bring about 
coagulation. Since this other factor may be in excessively 
small quantities, and may, if given time, convert almost m- 
definitely large amounts of fibrmogen into fibrin, it has been 
regarded as a ferment, and called 

A fairly pure solufcion of the fibrm ferment may be pre¬ 
pared m the following way. Serum, or chopped-up blood- 
clot, is allowed to stand with about twenty times its volume of 
absolute alcohol for two or three months. The proteins by 
this means aie precipitated and rendered insoluble in water, 
so that an aqueous extract of the dried precipitate contams 
veiy httle piotem matter, but is rich m fibrin ferment; that 
is to say, it possesses the power of converting solutions of 
fibimogen into fibim, foi we can never recognise ferments 
except by their action. 

We must conclude therefore that the coagiclation of the 
blood IS due to the coiivetsiorb of a soluble protein present m 
the plasma — fibrinogen^ into an 'insoluble protein — fibrin, 
under the agency of a ferment, tvlvich is hnoion as fibrin 
ferment or thrombin. 

As to the chemical uatme of the feiment we know piactioally nothing It 
IB destroyed on heating to 55° G , and is always associated with a oertam 
amount of piotein It is stated by some authors, on rathei lusufQoient grounds, 
to belong to the class of nucleo-protems 

What IS the origin of this fibrm ferment? It is not 
present in the onculatmg blood, but is formed after the blood 
has left the vessels. If blood be received straight from an 
artery mto a large quantity of absolute alcohol, and the 
precipitate extracted with water after two or three months, the 
extract is not found to have any power of causmg clottmg m 
solutions of fibrmogen. 

Schmidt was of opmion that the colourless corpuscles break 
down as soon as they leave the vessels and liberate the ferment. 
If horse’s blood be received mto a vessel placed in ice, and 
allowed to stand, it soon separates mto three layers: an upper 
layer of pure plasma, a thm layer of leucocytes and granules, 
and a layer of red corpuscles. If the temperature of the blood 
be allowed to nse, it clots throughout, but the clottmg begms 
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soonest m the layer of leueoeytea, and s firmest there. If 
the clot be divided into three portions, and tifeated for the 
extraction of ferment, the extract from the part of the clot 
enclosing the leucocytes and granular matter is much more 
active than that from either of the two ends of the tube. Of 
course the significance of this experiment depends on the view 
we take of the origin of the granular matter. Schmidt looked 
on it as the dibns of exploded corpuscles, while Wooldridge 
regarded it as a precipitate produced by the effect of cold 
on the plasma. This latter observer therefore considered that 
the ferment was produced, not from the leucocytes but from 
the plasma, and that the granular precipitate represented the 
precursor or zymogen of the ferment. Later researches by 
Hammarsten on the clotting of oxalate plasma have confirmed 
this view and thrown light on the necessary conditions of the 
change from precursor to ferment. Oxalate plasma will clot 
on the simple addition to it of a soluble salt of lime, e.g. CaCl 2 , 
and the same statement holds good for the fibrmogen prepared 
from this plasma by the ordmary methods. If however the 
plasma be cooled to 0° C. for two oi three days, a gianular 
discoid precipitate is produced, and on sepaiating off the 
plasma and extracting from it the fibrinogen, it is found that 
the solution will no longer clot with lime salts, but needs the 
addition of fibriu ferment. No effect is produced by adding 
the precipitate to the fibrinogen, but 'if a Uttle calciiim chloi^de 
be mixed with the precipitate and the mixture added to the 
fibrinogen solution, clotting ensues. This shows that plasma 
contams m solution a precursor of fibrm ferment which has 
been prothrombin, the conversion of prothrombin into 

thrombm being dependent on the action of calcium salts. 
The origin of fibrin ferment is however rather more complex. 
Oxalate plasma, which has been separated fiom the preci¬ 
pitate of ‘ pro thrombm,’ can be made to coagulate by the addi¬ 
tion of extracts of almost any animal tissues together with 
lime salts, and these were theiefoie supposed to contain pro- 
thrombm similar to that obtained by coolmg oxalate plasma. 
But these extracts, even on mixtuie with calcium salts, are 
found to be without effect on pure solutions of fibrmogen. More¬ 
over, the precipitate produced by cold, if thoroughly washed 
before treatment with lime salts, loses its power of evoking 
coagulation m fibrmogen solutions. It is therefore concluded 

6 



82 


PHYSIOLOO-Y 


that three factors are necessary for the production of fibrin 
ferment or thrombin, viz.: (1) lime salts; (2) a substance 
present in the precipitate of 'piothrombin ’ as well as in 
most animal tissues (this is called thrombokinase ); (3) a 
substance present in solution m oxalate plasma, and carried 
down adhering to the precipitate obtained on cooling, which 
IB called thrombogen. 

Our present views as to the essential nature of the pro¬ 
cesses concerned m coagulation may be summed up as 
follows:— 

When blood leaves the vessels there is a disintegration of 
the blood-platelets (themselves perhaps derived from ante¬ 
cedent changes m the plasma or from an unstable form of 
leucocyte) with a liberation of thrombokmase. This acts upon 
thrombogen, aheady m solution in the plasma, and in the 
presence of lime salts gives rise to thrombm. Under the 
mfluence of the ferment thrombm, the fibrmogen present in 
the plasma is transformed mto fibrin. 

These changes may be represented by the followmg 
schema: 

Blood Plosm^ Blood-platelets (? pre-formed) 

Pibnnogen Thiombogen Lime Salts Thiombokmase 

Thrombm (fibrm ferment) 

I 

Pibrin 

This view of the natuie of the changes involved m coagulation is borne out 
by observations on other forms of plasma, especially of plasma obtained fiom 
birds’ blood This, when obtamed with scrupulous cleaulmess, so as to avoid 
any contamination with dust or with the tissues, remains peimanently uu- 
coagulable In the plasma got by centrifuging the blood, no blood-platelets 
are to be seen and no precipitate is produced by exposuie to a temperature of 
0°O. We may say theiefoie that blood-platelets, with then contained thiom- 
bokinasB, are absent fiom birds’ blood, and with them the piopeity of sponta¬ 
neous coagulability The blood is also fiee fiom fibiin feiment, but contains 
thrombogen as well as soluble lime salts It is only necessary therefore to add 
thiombokmase, m the shape of a watery extract of any tissue or cells, in order 
to cause the formation of thiombm and the conversion of the hbrmogen already 
present mto fibrin 


Intravascular Clotting 

If fibrmogen be really present as such in the ciiculating 
blood, one would expect to produce intravascular clottmg by 
the mjection of solutions of fibrin foment. We find however 




that with our ordinaTy thrombin solutions practically no 
effect IS produced. If, however, the very strong fibrin fer¬ 
ments contained in some snake venoms be injected, universal 
intravascular clotting (thrombosis), may be produced. On 
the other hand, mjection of solutions containing throm- 
bokmase causes at once clotting of the blood in the vessels. 
This is probably the explanation of the action of the extracts 
of cellular tissues, containmg the so-called tissue-fibrinogens. 

A solution, tisBue-fibimogeu, is piepaied by extracting ohopped-up thymas 
or lymphatic glands with water or normal salt solution After sepaiating 
the suspended cells by means of a centrifuge, the clear fluid is treated with 
acetic acid; this throws down a precipitate of tissue-fibimogen, which 
may be dissolved m 1 per cent, solution of sodium carbonate. A few o c 
of this solution, injected mto the jugular vem, causes extensive inUavasoulai 
clotting within 30 seconds of the beginning of the mjeotion. In the rabbit 
intravascular clotting is practically universal, and this is also the ease m the dog 
if m full digestion. In the fasting dog the clotting may be limited to the portal 
aiea In this case the rest of the blood, when diawn off, is found to be incoagu¬ 
lable. We may thus distmgmsh two phases m the action of tissue-flbrinogens 
on the living blood. first, a phase of moreased ooogulabihty, resulting in the 
production of a clot—the positive phase; secondly, a negative phase of dimi¬ 
nished ooagulabihty, If the injection be earned out very slowly, or the 
solution be dilute, only the negative phase may be produced. Subsequent 
injections, howevei rapid, of a strong solution have no effect, the animal being 
for the time protected or rendeied immune by the first injection. 

Certam histological observations support the view that 
coagulation is normally inaugui’ated by the disc-like precipitate 
of prothiombm, which appears to be identical with the blood- 
platelets of histologists." If a small vessel be observed under 
the microscope, and a small part of the Iming endothelium 
injiu’ed, it is noticed that blood-platelets are deposited on the 
injui’ed spot, so as to form a little heap. The platelets seem 
to fuse mto one another, and finally form a little white mass 
of fibim (white thrombus), which effectually occludes any 
opening in the wall of the vessel. This process in the livmg 
body always ocem’s when a vessel is injm’ed, and is a means 
by which the animal is protected from bleedmg to death from 
any small wound. 

It may be well heie to summaiise the conditions which determine the 
clotting of the vanous kinds of plasma that have been mentioned m this 
section 

1 Cooled hoise’a plasma contains all the fibrin precuisors, and clots on 
simple 1180 of teniperatuie If howevei it be cooled foi some time and 
hlteied, the thromboLnase is separated, and the filteied plasma will not clot 
without the addition of fibiin feimout 

2. Sodium sulphate and sodium chloride plasma also contain all the fibrin 
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preonrsors and olot on Bimple dilution, the salt appearing merely to inhibit 
the action of the ferment on the fibrinogen Magnesium sulphate however 
gradually precipitates the thromboMnase and thrombogen The plasma pre¬ 
pared by the use of this salt contains therefore' only fibnnogen, and needs 
the addition of fibrin ferment as well as dilution to make it clot 

3 Oxalate plasma, when fresh, contams fibnnogen, thrombokinase and 
thrombogen It needs therefore only the addition of lime-salts If however it 
be cooled and filtered, the thrombokinase is separated, and to mduce clottmg, 
either fibrm ferment or a mixture of thrombokinase (or a tissue extract) and 
hme-salts must now be added. 

4 Peptone plasma presents many peouhanties, and it is still doubtful how 
f^ tbe facts gamed horn its study are apphoable to the explanation of the 
coagulation of blood undei normal conditions The mere addition of peptone 
(tea mixture of albumoses, espeoiaJly hetero-albumose) to blood does not 
delay clottmg It is necessary to inject the peptone m the proportion of 
0 8 grm per kilo body-weight mto the vems of a living animal (dog) It seems 
that, under the mfluenoe of the peptone, the hver cells or vascular endothehum 
seciete into the blood a substance which hmdera clottmg, so that the loss of 
coagulabihty is merely a secondary result of the peptone injection Peptone 
plasma resembles mti avascular plasma in that it will clot only on addition of 
thrombokmase or tissue fibrinogens, and is unaffected by fibrm ferment It 
appaiently contains not only a pieomsor of fibim ferment, but also a pre¬ 
cursor of fibrinogen, since it yields no precipitate on heatmg to 56^ 0, 
although, by precipitation with salt and le-solution, the typical fibimogen 
described above lesults. 

5 Leech-extract plasma can be obtamed by injecting a decoction of dried 
leeches mto the ciioulation, or by adding it to the blood as it leaves the vessels. 
The active principle of the decoction is a body alhed to an albumose, which is' 
secreted by the buccal glands of the leech, and winch has the property of 
neutrahsmg and so destroymg the action of fibim ferment. 

Main Points in the Composition of the Blood 

Specific gravity of whole blood about 1055 , of corpuscles 
about 1085 ; of serum about 1035. 

The specific gravity of the blood may be estimated clmioally m the follow¬ 
ing way —A senes of mixtures of glycerin and water are prepared, with 
specific gravities varymg from 1030 to 1070 A chop of blood is then sucked 
up mto a capillary pipette with its point bent to a right angle, and minute 
portions of this drop aie expelled into a senes of glasses containing glyceun 
and water mixtures of various strengths. The led diop expelled from the 
pipette will rise or sink m the fluid so long as its specific gravity differs from 
that of the fluid The specific giavity of the mixture in which the blood 
neither uses noi sinks is equal to that of the blood, and is the number we want 
to know 

The blood is slightly alkalme. 

This IS best demonstiated by^ placing a drop on a piece of delicate glazed 
litmus-papei, and then wiping it off The spot where the blood rested is 
found to be stained blue 

Blood contains from one-thiid to half its weight of cor¬ 
puscles. The plasma is resolved by clottmg mto serum and 
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fibrin. The seruiQ contains in 100 parts—proteins (consisting 
of serum albumen and paraglobulin) 8 parts, salts about 
1 part, water about 91 parts. 

The paraglobulm and serum albumen occui* in varying 
pioportions. The proportion of paraglobulm to albumen in 
one case was 1: l’5'(nian). 

The chief salt present is sodium chloride, which constitutes 
60 per cent, of the ash. Next to this comes sodium carbonate 
(about 30 per cent.), and besides these two we find traces of 
potassium, sodium, and calcium chlorides and phosphates. 
Traces of fats, cholesterm, lecithm, dextrose, urea, and other 
nitrogenous extractives are constantly found m the serum. 
The fats are much increased after a meal rich in them, and 
may give the serum a milky appearance. 

The red corpuscles contain m 100 parts—water 70 parts, 
solid constituents 80 parts. 

Of the solid constituents, haBmoglobin forms nme-tenths; 
the other tenth corresponds to the stroma, consisting of nucleo- 
protein, lecithm and cholesterm, and salts. There is a 
stnkmg contrast between the salts of the corpuscles and those 
in the serum; the former consisting chiefly of potassium 
phosphate, the latter of sodium chloride, which may be almost 
or entirely wanting from the corpuscles. 

The B^olog'ical Sigmficance of cei tain Gonstiiuents of 
the Seru7n, 

It has long been known that the serum of some animals 
acted as a poison when mjected into others, producing exten¬ 
sive breaking up of corpuscles, appearance of haemoglobin in 
solution m the urine, and death. The same destructive effect 
of serum on foreign corpuscles may be observed ^n vito'o. 
Thus dog’s serum causes a rapid destruction of the red 
corpuscles when added to defibrmated rabbit’s blood, although 
there is no appreciable difference between the concentrations 
of the sera of the two animals This relative globuhctdal 
action of the serum may be artificially produced. Thus mjec- 
tion of the corpuscles of a guinea-pig into a rabbit causes the 
serum of the latter to become globulicidal for the corpuscles 
of the guinea-pig. The globulicidal property is destroyed on 
heatmg the serum to 55^ 0. 

The globulicidal or hcemolyhc power of the serum depeuds on the presence 
in the latter of two distinct substances, viz an antibody or amboceptor ^ and a 
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complerttent. Thus when rabbit’s serum is made heemolytic for guinea-pig’s 
* oorpusoles, by repeated mjeotions of the corpuscles of the latter into the 
rabbit, the amboceptor in the rabbit’s serum is the direct lesult of the injection 
It is found that, if this serum be heated to 66° 0, it loses its hesmolytio 
properties. These, howevei, are at once lestored to it on the addition of some 
blood-serum from a normal gumea-pig It is therefore concluded that serum 
normally contams a substance, toxic for corpuscles, which is destroyed at 
66 ° 0 This however is unable to act except in the presence of another 
substance, the immune body or amboceptor, which is specido for each kmd of 
corpuscle, and is produced as the direct result of the injection of any foreign 
corpuscles into an animal The amboceptor is not destroyed at 66° 0. 

The blood sera of various animals have in the same way a 
destructive power on certain bacteria, and this action may be 
increased by the previous injection into an animal of the 
bacteiia in question. It is by the development of such 
bactericidal substances that the animal is in many cases 
enabled to react to an infection, or to develop an immunity 
after one attack from further attacks of the disorder. 

This reaction, viz. the production of ‘ antibodies ’ in the 
serum, is not confined to the effects of injecting living 
corpuscles or bacteria. Almost any protein, injected into an 
animars veins, evokes the production in the animal of an 
antibody, a coaguhn, which has the property of inducing a 
precipitate in solutions of the protein which had been injected, 
but in no other. The antibody therefore in this case is 
specific. In the same way the injection of toxins, the poisonous 
products of bacteria, e.g. diphtheria toxin, or tetanus toxin, 
causes the development in the blood serum of a corresponding 
antitoxin, which has the power of combining with and 
neutralising the toxin in question. This fact is made use of 
in therapeutics. Horses are injected with increasing doses of 
diphtheria toxin. After some time they are bled, and the 
blood serum so obtained, when injected into a patient the 
subject of diphtheria, neutralises the poison circulating in the 
body, and leads m this way to arrest of the disease. 

Thus we must conclude that the serum of any individual, 
besides the definite chemical substances aheady described, 
contains a large number of * antibodies ’ of complex constitu¬ 
tion, which have been produced by the entry into the blood of 
bacterial poisons from without, or of ferments from the 
alimentary canal, or of proteins from the disintegration of 
tissues, and that these substances play an important part m 
the defence of the individual against further infection or 
spread of any process of destruction. 



CHAPTER IV 

THE CONTEAGTILE TISSUES 
Shotion 1 

GENERAL CHARACTERS OE MUSCLE 

The means by which the organism acts on its environment is 
furnished by the contractile tissues, under which term we 
iuolude all the varieties of muscle, striated and unstriated. 

All movements that require to be sharply and forcibly 
carried out are effected by means of striated muscular tissue, 
and as these movements are in nearly all cases under the con¬ 
trol of the will, the muscles are often spoken of as volunta/ry, 
Unstriated muscular fibres (often termed involuntary ^) 
form sheets or closed tubes surrounding the hollow viscera, 
and by their slow prolonged contractions serve to mamtain 
and regulate the flow of the contents of these organs. 

Intermediate in properties between these two classes we find 
heart muscle; this, though striated, presents important histo¬ 
logical differences from striated voluntary muscle. We shall 
study this form more fuUy when we come to consider the 
physiology of the whole vascular system. 

The properties of the contractile tissues have been most 
fully investigated in voluntary muscles, the most highly dif¬ 
ferentiated members of the group ,* we shall therefore consider 
this part of the subject at length, merely indicating at the end 
in what points the unstriated involuntary muscles differ from 
the striated. 


Voluntary Huscle 

The voluntary or striated muscles form a large part of the 
body, and are known as the flesh or meat. Each muscle is 

> The ciliary muscle furmshea an example of a muscle which, though 
unstriated, is under the control of the will. 
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embedded in a layer of connective tissue, and is made up of 
an aggregation of muscular fibres, wbicli are umted into 
bundles by means of areolar connective tissue. The individual 
fibres vaiy much m length, and may be as long as 4 or 5 cm. 
At each end of the muscle the fibres are firmly umted to tough 
bundles of white fibres, which form the tendon of the muscle, 
and are attached as a rule to bones. Running in the con¬ 
nective tissue framework of the muscle we find a number of 
blood-vessels, capillaries, and nerves. 

On examination of a livmg muscle, each fibre is seen to 
consist of a series of alternate light and dark striae, arranged 
at right angles to its long axis, and enclosed in a structure¬ 
less sheath—the sarcolemma. Each band may be considered 
to be made up of a number of prisms (sarcomeres) side by 
side, with interstitial substance between them. The muscle 

* Fig 25 



Muscultir fibre of a mammal, examined fiesh in fleinm, highly 
magnified (Schafei ) 

prisms of adjacent discs are connected to form long columns 
(primitive fibriilae, or sarcostyles). Each muscle pi ism is 
more transparent at the two ends than in the middle, thus 
giving use to the appearance of light and dark strise. In the 
middle of the light band is a line or row of dots (often appear¬ 
ing double), called Krause’s membrane. 

The development of this regular cross and longitudmal 
striation is closely connected with the evolution and specialisa¬ 
tion of the muscular fmiction, ^,e. contraction. Contractility 
is among others a function of all undifferentiated protoplasm. 
Cells so constituted can only effect slow and weak contrac¬ 
tions. Directly a specialisation of function is necessary and 
some cell or part of a cell has to contract rapidly m response 
to some stimulus from withm or without, we find a differentia¬ 
tion both of form and of internal structure. In many cases. 
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s in the developing muscle of the embryo or the adult 
auscles of many invertebrates, this differentiation affects oply 
lart of the cell, so that while one part piesents the ordinary 

Fio 27 

Al 


Fig 2C 



Fig 26 — Muscle-fibre of an asoaris a Thediffeientiated contractile 
portion of the cell (After Hertwig) 

Fig 27.—Muscle-fibres fiom the small intestine, ^howmg the fine 
longitudinal striatiou (Schafer) 


ranular appearance, the other half is finely and longitu- 
mally striated, the stnation being apparently due to the 
evelopment -^of special contractile fibrillae. In the slowly 
ontractmg unstriated muscle of the vertebiate intestine, the 
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longitudinal striation is with difficulty made out; but as the 
muscle rises in the scale of efficiency, the longitudinal 
stnation becomes more apparent, and in the striated muscle of 
vertebrates, and still more in the wonderful wing-muscles of 
insects, which can peiform three hundred complete contrac¬ 
tions in a second, the longitudinal is associated with and 
often apparently subordinated to a transverse striation, due 
to the regular segmentation of the contractile fibrillee or 
mrcostyles. Every muscular fibre, which presents any trace 
of histological differentiation, may be said to consist of con¬ 
tractile fibrillae (sarcostyles), each composed of a series of 
contractile elements {sarcous elements or sarcomeres), and 
embedded m a granular material known as sarcoplasm. The 
enormous variation in the aspect of muscular fibres from 
different parts of the animal kingdom is largely conditioned 
by the varying relations, spatial and quantitative, of the 
sarcoplasm to the sarcostyles. Thus in the higher vertebrates, 
two types of voluntary muscular fibre are distinguished, 
according to the amount of sarcoplasm they contain: one 
rich in sarcoplasm, more granular m cross-section, and 
generally containmg heemoglobin; and the other poor in 
sarcoplasm, clear in cross-section, and containmg no hsemo- 
globin. From the fact that the granular fibres are found 
chiefly in those muscles which have to carry out long- 
continued and powerful contractions, it seems reasonable to 
regard the interstitial sarcoplasm as the local food-supply of 
the active sarcostyles, although some authors have endowed 
the sarcoplasm with a contractile power of its own, differing 
only by its extremely prolonged character from the quick 
twitch of the sarcostyles. The connection between structure 
and activity of the muscle-fibres is well shown by Pig. 28. 

In some auuaals, anoh as the rabbit, we find muscles consisting almost 
entiiely of one or other of these vaineties, but in most animals (amongst which 
we may leckon fiog and man) the two Yarieties occur together in one muscle, 
BO that what we have to say about the properties of voluntary muscle, which 
rests nearly entirely on experiments with frog’s muscle, leally has leference to 
a mixed muscle, % e muscle containing both red and white fibres 

Since the sarcous element represents the contractile unit 
of the muscle^ a knowledge of its mtimate structure should 
be of great importance for the theory of muscular contraction. 
TJnfortunately, however, we are here at the lipnts of the 
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demonstrably visible. Where every worker has hia own in¬ 
terpretation, it is only possible in this book to select one, 
which appears to be the most suggestive from the physio¬ 
logical standpoint. Schafer, working on the highly diffe¬ 
rentiated wing-muscle of the wasp, concludes that each' 


Fio. 28. 



Tiansveise sections of the pectoral muscles of a, the falcon, 6, the 
goose, and c, the domestic fowl. It wiU be noticed that the 
relatiye amount of gianular or red fibres present varies directly 
as the biid’s power of sustained flight. (After Knoll) 


sarcoBtyle is divided by Krause’s membranes (the lines in the 
middle of each light stripe) into sarcomeres. Each sarcomere 
contains a darker substance near the centre divided into two 
parts by Hensen’s disc. At each end of the sarcomere the 
contents are clear and hyajine. In the act of contraction, the 


Pig, 29 

JL B 



Diagram of a aarcomeie in a modelately extended condition, a, 
and in a contracted condition, b , e, e, membranes of Krause, 
H, hne 01 plane of Hensen, sf, poiiferous sarcous element. 
(Schafer) 


clear material flows, accordmg to Schafer, into tubular pores 
in the central dark material. 

When a muscle-fibre, killed by osmic acid or alcohol, is 
examined under the microscope by polarised light, it is seen 
to be made up of alternate bands of smgly and doubly 
refracting material. The doubly refracting {aniaotropous) 
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flubstaoace corresponds to the dark band, and the singly 
refracting (isotropous) to the light band. If however the 
living fibre be examined m the same way, it is found that 
nearly the whole of it is doubly refiactmg, the smgly refract¬ 
ing substance appearmg only as a meshwork with long parallel 
meshes correspondmg to the muscle prisms. In short, m a 
livmg fibre the muscle prisms are anisotropous, the sarcoplasm 
isotropous. 

When a muscle-fibre contracts, there is an apparent 
reversal of the situations of the light and dark stripes, owmg 
to the fact that the interstitial sarcoplasm is squeezed out 

Fia 30 


sole 

end aibonaation, 
nmacle-fibie 

neive 




saroolemma 

muscle 


Motor end-plates of lizard 


from between the bulgmg sarcomeres, and accumulates on 
each side of the membranes of Krause. The accumulation 
of sarcoplasm m this situation makes the previously light 
striaB appear dark, and the dark stiise by contrast lighter than 
they were before. That tlieie is no true reversal of the striae 
IS shown by exammmg the muscle by polarised light, the 
two substances, isotropous and anisotropous, retammg their 
relative positions. 

Every skeletal muscle is connected with the central 
nervous system by nerve-fibres, some conveying impressions 
from the muscle to the centre, the others actuig as the path 
of tthe motor impulses from the centre to the muscle These 
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latter—the motor nerves—end in the muscular fibre itself, 
by means of a special end-organ—the motor end-plate. The 
neurilemma of the nerve-fibre becomes continuous ■with the 
sarcolemma, the medullary sheath ends suddenly, while the 
axis cylinder ramifies in a mass of undifferentiated protoplasm, 
contammg nuclei, and lymg in contact with the contractile 
substance of the muscle immediately under the sarcolemma. 

Fig 31 



MuBoles of hinder extiemity of fiog (aftei Ecker) 

So far as we can tell at present, the ultimate ramifications 
of the axis-cylinder end freely and do not enter into organic 
connection with the contiactile substance itself. 

Most of our Imowledge on the subject of muscle has been 
derived from the study of the gastrocnemius and saitoiius 
muscles of the frog. The position of these muscles is shown 
in the acoompanymg diagram (Fig. 81). The gastrocnemius 
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\ 7 l 11 cb, with the attached sciatic nerve, is most frequently 
employed as a nerve-muscle preparation, forms a thick belly 
immediately under the skin at the back of the leg, and arises 
by two tendons from the lower end of the femur and the 
outer side of the knee-joint. The two tendons converge 
towards the centre of the muscle, uniting about its middle, 
and from them a number of short muscular fibres arise, 
passing backwards and dorsally to be inserted into a flat 
aponeurosis covering the lower half of the muscle, which ends 
in the tendo AchiUis. On account of this irregular arrange¬ 
ment of the muscular fibres, the gastrocnemius can only be 
employed when the contraction of the muscle as a whole is 
the object of investigation. The effective cross-area of the 
fibres is much greater than the actual cross-section of the 
muscle, so that, while the actual shortening of the gastro¬ 
cnemius is but small, its strength of conti action is con¬ 
siderable. 

The sartorius muscle consists of a thin band of muscle- 
fibres running parallel from one end of the muscle to the 
other. It lies on the ventral sm’face of the thigh, arising 
from the symphysis pubis by a thm flat tendon, and is 
inserted by a narrow tendon into the inner side of the head 
of the tibia. On account of the regularity with which its 
fibres are disposed, this muscle is of especial value in 
experiments on the local conditions of a muscle-fibre accom¬ 
panying its activity. When a greater mass of approximately 
parallel fibres is necessary, recourse may be had to a pre¬ 
paration consisting of the gracilis and semi-membranosus 
muscles together. This latter muscle lies dorsally to the 
gracilis muscle which is shown in the illustration. 



Sbotion 2 

EXCITATION OF MUSCLE 
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A muscle may be caused to contract in various ways. 
Normally it contracts only m response to impulses starting 
in the central nervous system and tiansnutted down the 
nerves. But contraction may be artificially excited in 
various ways in a muscle removed from the body. If we 
make a muscle-nerve preparation (^.e. a muscle with as long 
a piece of its nerve as possible attached to it), such as the 
gastrocnemius of the frog with the sciatic nerve, we find we 
can cause contraction by various forms of stimuli—mechamcal, 
thermal, or electrical—applied to the muscle or the nerve 
(direct and mdnect stimulation). Thus the muscle responds 
with a twitch if we pass an induction shock through it or its 
nerve, or pinch either with a pair of forceps. Or we may 
use chemical stimuli, and cause conti action by the application 
of strong glycerin or salt solution to the neive. 

These experiments do not prove conclusively that muscle 
itself IS irritable. It might be urged that, when we pinched 
or burnt the muscle, we stimulated, not the muscle substance 
itself, but the temimal ramifications of the nerve in the 
muscle, and that these m their turn incited the muscle to con¬ 
tract. But the independent excitability of muscle is shown 
clearly by the following experiment. 

A frog, whose bram has been previously destroyed, is 
pmned on a board, and the sciatic nerves on each side 
exposed. A ligature is then passed round the right thigh 
underneath the nerve, and tied tightly so as to close effectu¬ 
ally all the blood-vessels supplymg the hmbs, without inter¬ 
fering with the blood-supply to the neive. Two drops of 
a 1 per cent, solution of curaie are then mjected mto the 
dorsal lymph-sac. After the lapse of a quarter of an hour 
it is fomid that the strongest stimuli may be applied to the 
left sciatic nerve without causmg any contraction of the 
muscles it supplies. On the right side however, stimulation 
of the nerve is as efificacious as before. Both gastrocnemii 
respond readily to direct stimulation, showmg that the 
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muscles are not affected by the drug. Since both sciatic 
nerves have been exposed to the influence of the curare, it 
IB evident that the difference on the two sides cannot be due 
to any deleteiious effect on them by the curare. We have 
also excluded the muscles themselves, so we must conclude 
that the curare paralyses the muscles by affecting the termi¬ 
nations of the neive within the muscle, and probably the 
end-plates themselves. 

This experiment therefore teaches us that muscle can be 
excited to contract by direct stimulation, even when the 
terminal ramifications of the nerve withm it are paralysed, 
BO that stimulation of them would be without effect. 

The same fact may be demonstrated m a different way by 
means of chemical stimuh. It is found that whereas strong 


Pig 32 



The ramification of the nerve-fibres within the sartoiiua muscle of 
the fiog, showing the fieedom of the lowei portion of the muscle 
flom nerve-hbies (Kuhne) 

glycerm excites nerve-fibres, it is without effect on muscle- 
fibres ; while on the other hand weak ammonia is a strong 
excitant for muscle, but is without effect on nerve. Thus it 
the frog’s sartorius be dissected out and the lower end dipped 
m glyceiin, no effect is produced. On snipping off the lower 
third of the muscle and then immersing the cut end m glycerm, 
a twitch at once occurs. The lower end contams no neiwe- 
fibres (Fig. 32), and it is only when a section containing 
nerve-fibres is exposed to the action of glycerm that con- 



traction takes place. On the other hand, mere exposure of 
muscle to the vapour (rf dilute ammonia causes contraction 
(and subsequent death), although the nerve to the muscle 
can be immersed in the solution 'without any excitation being 
produced. 

Of all the different stimuli that we have mentioned as 
capable of exciting muscular contraction, the electrical is 
that most frequently employed. It is easy, using this form, 
to graduate accurately the intensity and duration of the 
stimulus. At the same time the stimulus may be applied 
many times to any point on the muscle or nerve without 
Mlliag the part stimulated, whereas with other forms of 
stimulus it is difficult to obtain excitatory effects without 
injuring to a greater or less extent the part stimulated. 

Two forms of electrical stimuli are employed,—the make 
and break of a constant current, and the induction currents 
of high intensity and short duration obtained from an induc¬ 
tion coil. 

Constant euTTent ,—As a source of constant current a 
Daniell’s cell is generally employed {vide Appendix). In 



this cell the copper is the negative and the zinc the positive 
element. The current therefore passes in the cell from !nnn 
to copper, and outside the cell from copper to zinc. If 
therefore wires be attached to the zinc and copper, the -wire 
attached to the former -will be the negative, and that to the 
latter the positive pole. If we connect such •wires ■with the 
nerve or muscle of a nerve-muscle preparation (as in Fig. 8S), 
the current -will flow from copper to the nerve at A, and along 
the nerve from A to K. At E the current will leave the 
nerve to flow to the zinc of the battery, so completing the 
circuit. The point at which the current enters the nerve 
(i.e. the point of the nerve connected with the positive pole 

7 
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of th.e battery) is called the anode, and the point at which 
the current leaves the nerve is called the hafhode. The wires 
by which the current is conducted to and from the nerve are 
called the electrodes. 

If a weak current from a DanieU’s cell (or any other form 
of battery) be passed through a muscle or any part of its 
nerve, we find that at the make of the current the muscle 
gives a single sharp contraction—a irmscle-twiich. No effect 
is produced during the passage of the current or when it is 
broken, the muscle remaining perfectly quiescent.^ If the 
current is now increased we find that the muscle responds to 
both make and break, remaining however quiescent during 
the passage of the current. Using a current of moderate 
strength, we find the contraction due to make is more energetic 
than that due to break. 

Thus stimulation is caused by the make and break of a 
constant current, the make stimulus being more effective tTmii 


Fio. 34. 



Sartorius clamped in middle and attached to level s at either end. 

the break. Besses this difference in intensity, there is "a 
difference in the point from which excitation starts. A maTce 
contraction starts from the kathode, a break contraction 
from the cmode. This is well shown by the two following 
experiments, 

a. A curarised sartorius muscle of the frog (Pig. 34), with 
its bony insertions still attached, is fastened at the two ends 
to two electrodes, which are able to swing when the muscle 
contracts, and are attached by threads to levers which serve 
to record the contraction. The middle of the muscle is then 
fixed by clamping it lightly. A circuit is arranged so that 

^ This statement is not absolutely ooneot No propagated oontroiCtion, as 
a rule, is produced dv/rvifig the passage of a constant current Careful observation 
will show however that theie is a state of oontmued contraction limited to the 
immediate neighbourhood of the kathode, which lasts as long as the current is 
passed through the muscle. 
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a constant current can be sent tlirough the electrodes and 
the whole length of the muscle. It is found, on making the 
current, that the lever attached to the kathode—that is, to the 
electrode by which the current leaves the muscle—rises before 
the other lever. On the other hand, on breaking the current, 
the lever at the anode rises first, showing that the anodic halt 
of the muscle contracts before the kathodic half. 

6. The irritabihty of a muscle, Le. its power of responding 
to a stimulus by contracting, is intimately dependent on the 
life of the muscle. If the muscle be injured or killed at any 
spot, its irritability at this spot will be therefore diTninished 
or destroyed. Hence, if we stimulate a muscle at the injured 
spot, no contraction will ensue. This fact may be used to 


Fi0. 35. 


kathode ^ anode(injurecl) 

contraction at make 




ano de rn * kathode (Injured) 

” contraction at make 


Diagram to show the efieot of looal injury on the ezoitability of a 
muscle 5, battery, m, muscle The arrows mdioate the direction 
of the current 


demonstrate the production of excitation at kathode on make, 
and at anode on break of a constant current. 

A muscle with parallel fibres, such as the sartorius, is 
injured at one end, and a constant current passed, first from 
the injured to the uninjured end, and then in the reverse 
direction. It is found in the former case, when the anode 
is on the injured part (which is therefore less excitable), that 
break of the current is ineffective, and in the latter, when the 
kathode is on the injured surface, that the make stimulus is 
ineffective, showing, that the part excited corresponds to the 
kathode at make and to the anode at break. 

Induced currents .—In using these the muscle or nerve is 
stimulated by the current of momentary duration produced 
in the secondary circuit of an induction coil by the make or 
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break of a constant current in the primary. The strength of 
the shock is graduated by moving the secondary nearer to or 
farther away from the prunary coil. 

Using this mode of stimulus, it is found that the con¬ 
traction on break of the constant current is much stronger 
than that on make. It must not be imagined however that 
there is any contradiction between this and the fact that the 
make of a constant current is a stronger stimulus than the 
break. 

When we put a muscle in the secondary circuit and make 
a current in the primary, there is a current of momentary 
duration induced in the secondary; so that there is a current 
made and broken through the muscle, and the same thing 
takes place again when the primary circuit is broken It has 

Pia. 86 



been shown that, when we use currents of such short dura¬ 
tion, the break stimulus is ineffective; so in both cases, 
whether we make or break the current in the primary circuit, 
we are dealing with a make stimulus in the muscle. The 
difference in the efficacy of make and break induction shocks 
is purely physical, and depends on the fact that the current 
induced in the secondary coil on make is of slower rise and 
smaller potential than that produced at break. (See 
Appendix.) 

We see therefore that the efficiency of an electrical stunu- 
luB depends on the rate of variation of the current employed, 
and withm wide limits is proportional to this rate. If, instead 
of suddenly di mini shing and increasing the current passing 
through an irritable structure, we carry out the change 
gradually, no excitatory effect is produced, even although the 
current may finally attain a considerable strength. This 



fact may be demonstrated with the help of the rheocord 
(Pig. 36), which consists of a simple wire ah through which 
a current is led. Two wires pass from a and a movable rider c 
to the nerve or mnscle. It is evident that if c be in close 
proximity to a, no current will flow through the muscle. 
But as c is pushed towards h, the current through the nerve 
gradually increases. It will be found that if the rider be 
moved slowly from a to 6, or m the reverse direction, no 
effect, is produced, whereas a quick movement in either 
direction causes excitation. We may say therefore that the 
excitatory effect of a current increases with— 

1. The intensity of the current, 

2. The rate of change of the current. 

8. (In the case of nerve) The length of nerve through 
which the current passes. 

The second of these conditions needs however some 
correction. As we mcrease the rate of change of current, by 
employmg in the case of induced currents more and more 
rapid alternations, we find that the excitatory effect, instead 
of increasing, begms to diminish and finally disappears, so 
that high frequency currents of enormous tension can, as in 
Tesla’s experiments, be led through the body without any 
apparent physiological effect. On the other hand, by using 
more sluggish forms of irritable tissue, we may fimd that 
even otir induction shocks are too rapid for effective excita¬ 
tion. Thus the red muscles of the slow-moving tortoise react 
better to the slow make than to the sudden break induction 
shock, and many forms of unstnated muscle are unaffected 
by either make or break shock. We must conclude there¬ 
fore that for each tissue there is an optimum rate of change 
varying with the character of the tissue, at which the energy 
necessary to produce a response is at a minimum. This 
optimum rate of change is spoken of by WaUer as the 
‘ charactenstic ’ of an irritable tissue, and has been deter¬ 
mined by him for nerve. 

A mvnimal stunulus is the weakest stimtiluB that will produce a oontraotion 
A niaxmal stimulus is one that produces the stiongest oontraotion a muscle is 
capable of under the effects of a smgle stimulus A submaanmal stimulus is any 
strength of stimulus between these two extremes. 
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Suction 8 

THE MBOHANIOAL CHANGES THAT A MUSCLE 
UNDBEGOES WHEN IT CONTEACTS 

Change of Form 

The most evident change about a muscle when it con¬ 
tracts is of form. It becomes shorter and thicker, its bulk 
remaining unaltered. 

To study this change more closely, it is necessary to 
obtain a graphic record of the contraction. For this purpose 
the femur, to which the gastrocnemius of the muscle-nerve 
preparation is attached, is clamped firmly, and the tendo 
Achillis attached by a thread to a light lever, free to move 

Pig. S7 


Arrangement of appaiatus foi recoiding simple muscle twitch 

round an axis at one end. The point of this lever is armed 
■with a bristle (anything that is stiff and pointed will do), 
which just touches the blackened surface of a piece of glazed 
paper. This paper is stretched round a cylinder (drum) which 
can be made to rotate at any constant speed required. If the 
drum is mo-ving, the point of the bristle draws a horizontal 
white line on the smoked paper. 

If however a single induction shock be sent through the 
nerve of the preparation, the lever is jerked up, fallmg agam 
almost directly, and a curve is drawn hke that shown in 
Fig. 88. 
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A similar curve is obtained if the muscle be stimulated 
directly. 

In all such graphic records we should have also— 

1. A tvme record .—This is furnished by means of a flTinn.ll 
electro-magnet, armed with a pomted lever writing on the 
smoked surface. This electro-magnet (time Tnq ,rlTflr or signal) 
is made to vibrate 100 times a second (more or less as 
may be required) by putting it m a circuit which is made 
and broken 100 times a second by means of a tuning-fork 
vibrating at that rate. The tuning-fork is main tamed in 
vibration in the same way as the Wagner’s hammer of an 
mduction coil. 

2. A record of the exactpovnt at which the nerve or m/asole 
%s simulated .—This may be obtained in two ways: 

a. When usmg the pendulum or trigger myograph, in 


Fia. 88. 



Ourye of single musole-twitoh taken on a rapidly moving 
surface (pendulum myograph) (from Yeo). 

both of Iwhich the recording surface is a smoked flat surface 
on a glass plate, this latter is so arranged that it knocks over 
a key as it shoots across, and so breaks the primary circuit 
and excites the nerve or muscle of the preparation. As we 
know the exact point that the plate reaches when it knocks 
over the key, we can mark on the contraction curve the exact 
moment at which stimulation took place. 

b. If we wish to make and break the primary circuit at 
will by means of a key, a small electro-magnetic signal, inter¬ 
posed m the circuit, is arranged to write on the revolving 
drum, and so mafk the pomt of stimulation. 

In the figure (Fig. 88) the upper line is the curve drawn 
by the lever of the muscle as it contracts ; the small upright 
hue shows the pomt at which the muscle was stimulated; 
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and the second line is the tracing of the chronograph, every 
vibration representing of a second. 

In the pendulum myograph (Fig. 89) a amoked gloss plate is oamed on a 
heavy iron pendulum. At eaoh side the pendulum la armed with a oatoh, 
whioh fits on to other catches at the side of the triangular box, from the apex 
on whioh the pendulnm is suspended. At its lower part the pendulum oarries 
a projecting piece which can knock over the * kick-over ’ key (k), thus breaking 
a circuit m which is moluded the primary coil of an mduotion coil. The lever 
attached to the muscle is arranged so as to write hghtly on the glass plate, 
Everythmg bemg ready, and the key (x) closed, the pendulum is raised to a, the 


Fio. 39. 



oatoh (a) is then released, and the pendulum falls at on ever-acceleratmg late 
and then rises again, gradually slowmg ofl until it is caught again at u 
As it passes by the key it breaks the circuit A break induction shook is 
sent mto the muscle or nerve, which contracts, and a curve is obtamed 
similar to that shown m Fig. 38 Smce the rate of the pendulum is constantly 
varymg throughout its course, it is necessary to have a tumng-fork, or tune- 
marker actuated electrically by a tuning-foik, writing just below the musole- 
lever. 

In the spring myograph, otherwise known as the triggei or shooter myogiaph 
(Fig 40), a smoked glass plate is also used. * The frame supporting the glass 
plate shdea on two horizontal steel wires To make the instrument leady for 
use, the tame is moved to one side, which compresses a shoit spring "When 
the oatoh holding it in this position is released by the tugger, the spnng 
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whiok only a&lifi loi a short space, gives the frame and the glass plate a rapid 
honzontal motion; and the momentum carries the glass plate through ^e 
rest of the distance, till stopped by the buffers The velooity daring this 
time IS nearly constant, as the faction of the guides is small. Two keys 
are knocked over by pins on the frame and break electrio circuits. The 
relative positions at which the cirouits are broken can be altered by a oon- 
vement adjustment A tuning-fork vibrating about 100 per second fixed to the 
base of the instrument marks the time; its prongs are sprung apart by 
a block between their ends, and the same action which releases the glass 
plate also frees the fork by removing the block and allows it to vibrate; a 
writing style then draws a smuous line on the smoked surface of the moving 
glass plate. A muscle lever with a scale-pan attached also forms part of the 
instrument.* ^ 


Fid. 40. 





Diagram of spring myograph, or ‘ shootei * 


It will be seen that a simple muscular contraction or 
twitch, such as we have m Fig. 38, produced by a momentary 
stimulus, consists of three mam phases : 

1. A phase during which no apparent change takes place 
in the muscle, or at any rate none which gives rise to any 
movement of the lever. This is called the latent period. 

2. A phase of shortening, or contraction. 

8. A phase of relaxation, or return to the original length. 

The small curves seen after the main curve are due to 
elastic vibrations of the lever, and do not indicate any changes 
occurring in the muscle itself. From the time-marking 
below the tracing, we see that the latent period occupies about 


' From Catalogue of Camb Soi Inst Co 
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i^TT of a, second, the phase of shortening and the relaxa¬ 
tion yfir second. 

Thus a single muscle-twitch is completed m about of 
a second. It must be remembered however that this number 
is only approximate, and varies with the temperature of the 
muscle and its condition, being much longer in a fatigued 
muscle. 

It IS generally said that, during the latent period, invisible 
preparatory changes are taking place in the muscle, and 
these changes are supposed to be indicated by the electrical 
change accompanying a muscular contraction, which is 
generally described as taking place durmg the latent period. 
But recent experiments have tended more and more to 
shorten the latent period, and it now seems probable that 
nearly the whole of the latent period is due partly to instru¬ 
mental inertia, and partly to the mechanical inertia of the 
muscle itself. For hving muscle is elastic and very exten¬ 
sible, and the effect of contraction of any given part of it will 
be first to stretch the adjacent part, and afterwards to move 
the part of the muscle to which the lever is attached.' 

Sanderson and Burch have measured the mechanical 
latency of muscle by a photographic method. The thicken¬ 
ing of the muscle at the point stimulated was recorded 
graphically by photographmg the outlme of the muscle on a 
slit, behind which was amovmg sensitive plate. Thus avoid¬ 
ing all mstrumental inertia, and diminishing the inertia of 
the muscle to a Tnim’mum, the mechanical latent period was 
found to be only 0‘0025 second. The electrical change, how¬ 
ever, began at the moment of stimulation, and had reached 
its cuhninatmg pomt when the mechanical change was 
commencing. 

As we should expect from the precedmg paragraph, the 
latent period is much increased by increasing the load. It 

f The effeot of the extensibility of muscle m lengthening the latent 
period wiU perhaps be moie intelligible if illustrated by an example If we 
have a weight supported by a rigid wire, and suddenly pull the upper end of 
the wire so as to raise the weight, the latter will rise instantaneously. If 
however the weight be suspended by a piece of elastic, it will not follow the 
pull exactly, but wiU lag behmd, the first part of the pull being occupied 
with stretching the mdiambber, and only when this is stretched to a certain 
degree will the weight begin to rise The same letardation of the pnll 
would be observed if, mstead of mdiarubbei, we used a piece of hvmg muscle 
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is also lengthened by cold and fatigue. It is longer in the 
red than in the white muscles. 

The height of the contraction depends— 

1. On the strength of the stimulus. 

2. On the load; the height being smaller, the greater the 
weight the muscle has to raise. If the load is gradually 
increased, a point is reached when the muscle can no longer 
raise it. This weight represents the ‘ absolute force ’ of the 
muscle. In determining it the muscle is ‘ after-loaded,’ that 
is to say, the lever is supported by a screw in its unweighted 
position, so that the weight cannot act on the muscle till 
the latter begins to contract. In human muscle the absolute 
force has been found to amount to 6,000 to 8,000 grams per 
square centimetre of cross area of the muscle. 

The relaxation of muscle is helped by a moderate load, 
and in a normal condition is complete. It is not active— 
that is to say, is not due to a contraction m the transverse 
direction—but is a passive effect of extension and elastic 
reboimd. This may be shown by allowing a muscle to con¬ 
tract while floating on mercury. The subsequent lengthening 
on relaxation is very mcomplete. 

Isoiomo and Isometf'tc ContracUonB 

In order to obtain a true ourye of a musole-twitoli Bpeoial precautions aie 
necessary to avoid the effects of instrumental inertia. When the muscle 
begins to contract it imparts a very rapid movement to the lever, which 
therefore tends to overshoot the mark and deform the ouive. This 
souioe of error may be almost avoided by making the lever as hght as 
possible, and hanging the extending weight in close proxiimty to the axle 
of the lever, eis shown m Fig 41. Smoe the energy of a moving mass is 

proportional to the square of the velocity ^ » and the tension due to 

the weight as well as the velocity on contraction is directly proportional to the 
distance of the weight fiom the axis, it follows that it is better to load the 
muBole with 40 grams 1 millimetre from the axis than with 1 gram 40 milh- 
metres from the axis, though the tension put on the muscle will be the same m 
both oases. 

In the first case the energy of the moving mass will be proportional to 
40 X (1) _ 2 q^ second to ^ ^ = 800, and it is this energy which 

determmes the overshooting of the lever and the deformation of the curve. 
Smoe throughout the contiaction the lever follows the muscle m its movement, 
the tension on the muscle remajus the same thioughout, and the method is 
therefore known as the isotomc method 

In many cases it is of importance to be able to record the development of 
the energy (^.e. the tension) of the active muscle apoit fiom any changes in 
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its length. For this purpose the muscle is allowed to contract agamst a strong 
spring, the movements of which are magnified by means of a very long lever. 
Thus the shortening of the muscle is almost entirely prevented, but the in¬ 
crease in its tension causes a minute but proportionate movement of the sprmg, 
which is recorded by means of the level. Since in this case the length or 
measurement of the muscle remains approximately constant, while the tension 
IS continually varying throughout the contraction, it is known as the isomctnc 
method The great magnification necessary in this method mtroduces aenous 
sources of erroi, but it seems that, if aJl due piecautions be taken to avoid 
these enors, the isometrio curve differs veryhttle in form horn the isotomo, 
diaplaymg only a somewhat quicker development of energy at the beginning of 
contraction 


Fig. 41. 



Blix apparatus for lecoidmg isometiic and isotomo curves syn- 
chionioally (Miss Buchanan), p, the steel cylmdiioal support 
with jointed steel aim to bear the isotomo lever If which consists 
of a strip of bamboo with an aluminium tip i, the isometiio 
lever, also of bamboo, except foi a short metal pai*t t' in which 
aie holes foi fixing the muscle The two wiies from on induction 
coil are brought, one to x, which is in connection with the sup¬ 
port and hence with the metal bar t', the othei to y, which is 
msulated horn the support but connected by a copper wire with 
a thm piece of copper suriounding the isotonic lever at the pomt 
where the muscle is attached to it. Cl , clamp for fixmg the 
lower end of the muscle when an isometno curve is to be taken 
The axis of the isotomo lever is at ir, close to which is hung the 
weight of 50 grma 

Propagation of Contraction, The OonU action Wave 

The whole muscle does not as a rule contract simul¬ 
taneously, When excited from its nerve the contraction 
begins at the end-plates and spreads in both directions 
through the muscle. The rate of propagation of the con- 
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traction wave can only be measured by employing a.curarised 
muscle, so as to avoid the wide spreading of the excitatory 
change by means of the intra-muscular nerve-endings. For 
this purpose a curarised sartorius muscle is taken, stimulated 
at one end, and the thickening of the muscle recorded by 
means of two levers placed, one near the exciting electrodes 
and the second at the other end of the muscle, as shown 
in the diagram (Fig. 42). The difference between the latent 
periods of the two curves represents the time taken by the 
contraction wave m travelling from a to 6. By measure- 


Pig. 42. 



Diagram of arrangement for recording the contraction wave in a 
ouranse^ sartorius. 

ments carried out in this way it is found that the rate of pro¬ 
pagation of the contraction in frog’s muscle is 3 to 4 metres 
per second ; in the muscle of warm-blooded animals it may 
amount to*6 metres. 

The actual duration of the contraction at any given point 
is necessarily smaller than that of the whole muscle, and 
amounts in frog’s muscle to only 0-06-0-09 second, about 
half the dm'ation of the contraction of a whole muscle of 
moderate length. The length of the wave is obtained by 
multiplying the rate of transmission by the duration of the 
wave at any one point. It varies therefore in frog’s muscle 
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between 8,000 x -06 (=160) and 4,000 x *09 (=360) millimetres. 
Thus the muscle-fibres in the frog are much too short to 
accommodate the whole length of the wave, and the contrac¬ 
tion of the whole muscle must be made up of the summated 
effects of the contraction wave as it passes from point to point. 
Hence the longer the muscle, the more must the contraction 
be lengthened by the tune taten up in propagation from one 
end to another. 


Surrmation of Gontractions 

If a muscle is stimulated twice m succession, so that the 
second stimulus follows the first before the muscle has reached 
its maximum shortening, we get a combination of the effects 
of the two, which results in a stronger contraction. The 
second stimulus has the same effect on the muscle as if the 
condition of contraction, which this latter has attained when 
the stimulus reaches it, were its normal length. 

Thus, if the period that elapses between the two stimuli is 
equal to the duration of the first part of the contraction (from 


Pig. 43. 



Muscle curves showing summation of stimuli, r and i', the points 
at which the stimuli were sent into the nerve. Prom the first 
stimulus alone the ouive a b c would be obtomed. From r' the 
curve d e f is obtained These two curves are surmiated to form 
the curve a g h i k when both stimuh aie sent m at the mterval 
rr' 


its beginning to the maxiTanm height), the shortening of the 
muscle may be doubled. Pig. 43 shows the effect of two suc¬ 
cessive stimuli at an interval of about ^ second. The two 
lower curves represent the contractions which would have 
resulted from either of the stimuli alone. 

This piling up of one contraction on the other is spoken of 
as summation. 



THE tissues 



Tetamcs 

If a muscle be stimulated so many times in a second (e.g, 
with the interrupted current of an ordinary induction coil) 
that it has no time to relax between one stimulus and another, 
we get a prolonged steady contraction, which is much stronger 
than the maximal muscle-twitch, owing to the summation of the 
rapidly following stimuli. This condition is called tetcmis. 

The rapidity of stimulation needed to produce an unbroken 
tetanus depends on the duration of a single muscle-twitch, and 
varies therefore according to the kind and condition of the 
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Oarvofl Bhowmg formation of tetanns (from frog’s gastrocnemius) 
a. Six stimuli pei sec. b. Ten stimuli per seo, o. Thirty stimuli 
per sec 

muscle. Thus the rapidity need only be small in the case of 
cooled and tired muscles, or of the red muscles of the rabbit 
and tortoise. The rate vanes from about 16 in the case of 
red muscles to 30 or 40 for white muscles. For the much 
more highly differentiated muscles of insects the rate is 
probably very much greater. 

Extensihhty 

Besides the change of form, we find changes in the 
elasticity and extensibihty of muscle taking place during 
contraction. 

Living muscle in a perfectly normal condition is distin- 
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guished by its slight but perfect elasticity; that is to say, it 
is considerably stretched by a slight force (in the longitudinal 
direction), but returns to its original length when the extend¬ 
ing weight is removed. The length to which muscle is stretched 
is not proportional to the weight used, but any given increment 
of weight gives rise to less elongation, the more the muscle is 
already stretched. The accompanying curves show the elonga¬ 
tion of muscle as compared with a piece of indiarubber, when 
the weight on it is uniformly increased. 

Dead muscle is less extensible and its elasticity is less 
perfect. A given weight applied to a dead muscle will not 

Fia 45. 




Extenflibility of indiarabber (a) compared with that of a frog’s 
gastroonemlos muscle (b) 

stretch it so much as when the muscle was alive ; but the dead 
muscle does not return to its original length when the weight 
is removed. 

A contracted muscle on the other hand is more extensible 
than a muscle at rest. A gram applied to a tetanised gastro¬ 
cnemius will cause greater lengthening than ii it were apphed 
to the same muscle at rest. At the same time the elasticity 
is more perfect—that is to say, when the weight is removed, 
the muscle returns more quickly to its original length. 
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Shotion 4 

THE PRODUCTION OE WORK AND HEAT BY 
VOLUNTARY MUSCLE 

The Extbbnal Work done by a Muscle 

We have already seen that the height of contraction of 
a muscle diminishes as the load is increased. This diminution 
in height is at first very slight and is not proportional to the 
load, so that the work done by the muscle, which is measured 
by the product of the weight lifted and the height to which it 
is raised, w x h, with increase of weight rises at first quickly 
then more slowly to a maximum, and then, on further increasing 
the load, smks. 


Fig 40 



Curve flliowiDg the length of a muscle undei vaiious loads m the 
contiaoted condition and uncontiacted condition a The 
double lines a h etc represent the contracted muscle, while the 
long single Imes a c etc show the length of the inactive muscle 


This will be rendered clearer by reference to the diagram 
(Eig. 46) representmg the lengths of the resting and contracted 
muscle with various loads. The hnes hj, etc., are the actual 
height of contraction of the muscle when loaded with weights 
of 0, 10, 20 grams, etc. The work in each case is given by 
\ X 0, hj X 10, h^ X 20, hg x 30, etc. By mspection it will be 
seen that— 

< lO.h^ < 20.h_, < SO.hg > 40.h ^ > 50.hy 


8 
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In this case therefore the maximum of mechanical work is 
obtained when the muscle is loaded with about 80 'grams. 
This increase of work with increased load shows that the 
amount of external work performed by a muscle is not a con¬ 
stant quantity, nor one determined solely by the strength of 
stimulus, but is essentially conditioned by the tension under 
which the muscle contracts. The muscle is in fact endowed 
with a certain power of adaptation, so that it can respond 
with increased efforts or expenditure of energy when it has 
more work set it to do. It might be thought that the in¬ 
creased mechanical energy evolved under these conditions 
had its origin at the expense of some other form of energy, 
such as heat or electrical changes, but it is found that 
increased tension augments all the processes of muscle, 
includmg chemical changes and the production of heat. 
This excitatory effect of tension on skeletal muscle is aided 
in all the higher animals by impulses which pass through 
the central nervous system, the nature of which we shall 
have to discuss later on when deahng with the question of 
so-called ^tendon reflexes.’ The phenomenon however is 
common to all forms of contractile tissues, and is indeed 
much better marked in such forms as the heart-muscle and 
the unstnated muscular fibres of the viscera. One may 
occasionally find that the application of a shght load to a 
skeletal muscle actually mcreases the height of the contrac¬ 
tion, especially if the muscle be not after-loaded. In the 
heart-muscle an increase of tension withm physiological limits 
causes invariably increased contraction—a fact of very great 
importance for the physiology of compensation in heart 
disease. This excitatory influence affects not only the strength 
of contraction but also the automatic, rhythmic, and conduct¬ 
ing power of the muscle ; and m some cases, as in the snail’s 
heart, the rate of beat is absolutely determmed by the tension, 
the heart stopping altogether if the tension be reduced to 
nothing. 


The Production of Heat 


The experience of everyday life teaches us that muscular 
exercise is associated with increased production of heat. A 
man walks fast on a frosty day to keep himself warm; and 
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we find this observation confirmed when we investigate the 
contraction of an isolated muscle outside the body. 

Thus, if a frog’s muscle is tetanised, its temperature rises 
from 0 14° to 0*18° C., and for each smgle twitch from 0*001° 
to 0-005° C 

It is evident that such small changes in temperature as 
0 001° cannot be estimated by ordinary thermometrie methods. 
For this purpose a thermopile must be used. 

The consiruotion of a thermopile depends on the fact that, when the 
junctions of a oirouit made of two metals are at different temperatures, a 
current of electricity generally flows through the circuit This current can be 
measured by means of a galvanometer, and is proportional to the difference of 
temperatuie between the two junctions. Thus m the circuit (Fig 47) composed 
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of two metals, antimony and bismuth, if the upper junction be cooled, there 
will be a current flowing from antimony to bismuth in the direction of the 
an’ow, and this current wiU within hmits ;^be propoitional to the difPeienoe of 
tempeiature 

To measuie the production of heat dunng muscular contiaction, a small 
flat thermopile (containing four or six elements composed of iron and German 
silver) IS fixed with one of its ends between two frog’s gastroonemu Another 
exactly similar pile, but icversed, is placed between two other gastrocnemii, 
which ore kept resting and at a perfectly constant temperature The 
arrangement of the piles is shown in the diagram (Fig. 48) So long as the 
two piles aie at the same temperatuie no ouneut flows , but, with a sensitive 
galvanometer, the shghtest difleience of temperature, such as that caused by 
the contraction of one pan of muscles, at once causes a deflection of the galvano¬ 
meter, the extent and direction of which enable us to estimate exactly the 
seat and amount of heat pioduced 

Another method of measunng the heat pioductiou in muscle takes advan¬ 
tage of the fact that the electiical resistanoe of a wiie increases with a use of 
tempeiature In both methods we convert heat mto electrical changes, since 
oui means of judgmg of electiical diffeianoes are nioie sensitive than is the 
case with any othei physical change. 


In large animals the production of heat in muscular con¬ 
traction can be easily shown by mserting the bulb of a thermo¬ 
meter between the thigh muscles, and stimulating the spinal 
cord. The rise of temperature produced in this way may 
amount to several degrees. 
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The discovery of exact means of measuring the heat pro¬ 
duction during contraction was naturally utihsed to determine 
the relation between the heat produced and the work done 
under varying conditions. In the muscle as - in a steam 
engine, we have a conversion of potential energy stored up in 
carbon compounds into kinetic energy, which may appear as 
work and heat. In the engine there is a definite ratio be¬ 
tween work and heat. Only a certain small proportion of the 
total energy can be utihsed as work, the rest being dissipated 
as heat. The exact proportion depends on the difference of 
temperatures that is available in the machine, and in the best 
engines at our disposal amounts to one-tenth. If the machine 
does no work, the heat production is increased by the amount 


Fig 48 



Diagram of tlie arrangement for showing the development of heat 
dunng muscular contraction A B, B A, two theimo-electnc 
junotionfl; Q-, galvanometei. (After Waller) 

oorresponding to the work. The same is true to a ceitain 
extent in muscle. If a muscle be allowed to contract and relax 
twenty times when loaded by a weight, the total external work 
done will be nothing. If however the weight be attached to 
the axle of a wheel, which is provided with a catch so that 
the weight can only be drawn up (Fig. 49), and the muscle 
be allowed to puU at each contraction on the circumference of 
the wheel, at each contraction work is done. It is foimd that 
in the latter case the muscle is less heated than in the former, 
and the difference is equivalent to the work done in raising 
the weight. But as soon as we begin to alter the work by 
altering the weight, we are at once met by the difiSculty that 
increased tension augments all the properties of the muscle, 
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and with the same stimulus both work and heat production 
aie raised by increasing the load. In fact the maximum 
amount of heat is produced when the muscle is made to 
contract against a strong spring, so that it cannot shorten at 
all (isometric contraction). 

In view of the comparison of the muscle to a heat engine, 
it becomes interesting to inquire into its efficiency, i.e, the 

Fig 49 




Diagiam of Fiok’s ‘Aibeitsammler ’ or muscle oionk « & is a 
counterbalanced lever, attached to the musole H at m When 
the muscle contiacts, the catch c oames round the oiroumference 
of the wheel 1) and so coils up the weight W round the axle of 
the wheel When the muscle relaxes, if Cjj is in the situation of 
the dotted Ime, the weight pulls the wheel and lever back to its 
original position If, however, be applied to D, the baoj^ard 
movement of the wheel is prevented, and the muscle is extended 
simply by the weight of the lever a 6. Thus at each oontraotion 
the weight is diawn a httle higher, and external woik is per¬ 
formed by the muscle 


relation of the work to the total energy expended. This 
amonnt is found to vary within very wide limits. In a fresh 
muscle the heat energy may be twenty-five times as great as 
the work energy, but the heat evolved with each contraction 
dimimshes with fatigue more rapidly than the work done, so 
that the proportion may fall to as low as three to one. In 



118 


PHYSIOLOG-Y 


the intact animal, in the dog fed on a pure flesh diet, Pfluger 
has calculated that the efficiency may be as great as 48 per 
cent. The efficiency of a heat engine is determined by the 
difference of absolute temperatures obtaining on the two sides 
of the machine; and since we cannot imagine even minutely 
localised changes of temperature in the animal body of more 
than a few degrees Centigrade, we must discard altogether 
the analogy of the steam engine, and seek some other explana¬ 
tion of the mechanism by which the muscle is enabled to 
transmute the chemical energy of its food into work or heat- 
It seems probable that the two products, heat and work, are 
simultaneous and independent in their origm, and that any 
proportion between them, therefore, is accidental. The muscle 
is, in fact, not a heat engine but a chemical engine. The 
chemical changes are converted directly into pressure changes 
leading to change of form of the ultimate contractile element, 
and it seems reasonable to suppose that these pressure changes 
are directly induced by the osmotic pressure of the products 
of chemical change produced as an immediate result of 
excitation. 
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Section 6 

THE ELECTEIOAL CHANGES IN MUSCLE 

If a current from a battery be passed between two plates 
of platinum immersed in acidulated water or salt solution, 
electrolyses of the water takes place, bubbles of oxygen 
appearing on the positive plate (anode), and bubbles of hydrogen 
on the negative plate (kathode). If now we remove the 
battery, and connect the two plates (electrodes) by wires 
with a galvanometer, it will be seen that a current is passing 
through the galvanometer and water in the reverse direction 
to the previous battery current. This current is called the 
polarisation current, and is due to the electrolysis of the 
water that has taken place. The vessel m which the 
electrodes are immersed has m fact become a galvanic cell, 
the platinum covered with hydrogen bubbles being the positive 
element^ and that covered with oxygen bubbles the negative 
element. Exactly the same process of electrolysis or polarisa¬ 
tion takes place when we pass currents through the tissues of 
the body by means of metallic electrodes. 

Hence before we can study accurately the delicate elec¬ 
trical changes that may occur normally in living tissues, it 
is necessary to have some form of electrodes in which this 
polarisation will not occur. The ‘ non-polarisable' electrodes 
which are most generally used for this purpose are made in 
the following way. A glass tube (Fig. 60) is closed at one 
end with a plug of kaolin made into a paste with a satui*ated 
solution of zinc sulphate. The rest of the tube is filled with 
a similar solution. Dipping into the zinc sulphate solution 
is a rod of pure zinc, amalgamated. Just before use, a 
plug of china clay made with normal salme solution is put 
on the end of the tube, so as to effect a connection between 
the zmc sulphate clay and the nerve or muscle which it is 
desired to stimulate or lead off. In these electrodes there 
IB no contact of metals with fluids that can produce dis¬ 
similar ions {e.g. hydrogen or oxygen bubbles) at the surface 
of contact, and hence they may be regarded as practically 
non-polarisable. 
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A more convenient form la that devised by Burdon- 
Sanderaon, in which the glaas tube is bent into a U (Fig. 51). 
The mouth of the tube is closed by a smaller glass tube 
plugged with clay, and bearing a plug of normal saline clay. 

If a muscle such as the sartorius be removed from the 
body, and two non-polariaable electrodes connected with a 
delicate galvanometer be applied to two pomts of its suiface, 
there will be a deflection of the mirror attached to the 
galvanometer, showing the presence of a current in the 
muscle from the ends to the middle, and in the external 
circuit from the middle (or equator) to the ends. It was 
formerly thought that this current was always present in all 
normal muscles, and it was spoken of as the ‘ natural muscle 


50. 



Fig. 60 —DiEigram of non-polarisable electrode a Ooveied wire 
6 Amalgamated zmo lod. c G-lass tube d. Saturated ZdSO solu¬ 
tion e. Plug of zmo sulphate clay / Plug of normal saline clay 
Fig. 61 -U-shaped non-polonsable eleotiodes 


current; * the muscle was said to be made up of a series of 
electromotive molecules, the equator of each molecule being 
positive to the two poles (Du Bois Eeymond). It has been 
conclusively shown however (by Hermann and others) that 
this current of restmg muscle is not a natural current at 
all, but is due to the effects of injury in making the pre¬ 
paration. The less the preparation is injured, the smaller 
IS the current to be obtamed from it, and in some contractile 
tissues, such as the heart, there may be absolutely no current 
during quiescence. 

Hermann describes the fact of the existence of currents of 
rest thus: ' In partially injured muscles every point of the 
injured part is negative towards the points of the uninjured 
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surface.’ Pig. 62 shows the direction of the current in a 
muscle with two cut ends. 

When the whole muscle is quite dead, this cmi'ent of 
rest, or ‘ demarcation current ’ (Hermann), disappears. The 
current is due to the electrical differences at the junction of 
living and dying (not dead) tissue. If the sartorius of the 
frog be out out and immersed for twenty-four hours in 0*6 per 


Ei0. 62. 



cent. NaCl solution made with tap water (i.e. containing 
lime), all the injured fibres die, and the umnjured fibres are 
then found to be iso-electnc and therefore currentless. 

The existence of this current may be demonstrated with¬ 
out using a galvanometer If the neiwe of a sensitive 
muscle-nerve preparation (a. Pig. 68) be allowed to fall on an 
excised muscle (b), so that two points of the nerve are in 


Eio 63. 



contact with the cut end and with the surface of the second 
muscle (b), the muscle (a) wiU contract each time the nerve 
touches (b) so as to complete the circuit. 

Whatever be the explanation of this current of resting 
muscle, there is no doubt that a very definite electrical change 
occurs in a muscle when it contracts. 

To show this change, we may lead off two pomts, one on 
the cut end and one on the surface of the muscle of a muscle- 
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nerve preparation, to a galvanometer. We shall then obtain 
a deflection of the nnrror of the magnet, due to the cuiTent of 
rest or demarcation current. If now the nerve be stimulated 
with an interrupted current so as to throw the muscle mto a 
tetanus, the ray of light from the galvanometer mirror is 
observed to swing back towards the zero of the scale, showing 
that the current which was present before is diminished. 
When the excitation of the nerve is discontmued, the galvano¬ 
meter indicates once more the origmal current of rest. This 
diminution of the current of rest durmg activity of a muscle 
is spoken of as the ‘negative variation' 

In oanying oufc this expenment it is ububJ to compensate the demarcation 
ouiTent by sending in a small fraction of the onriont fiom a constant cell. 
The aiiangement of the apparatas is represented m the accompanying dia¬ 
gram. Two uon-polaiisable electiodes (np) are applied to the suifaoe and 


Fig. 64. 
D 



cross-section of a muscle (m). These aie connected with the shunt of the 
galvanometer, one of the wires however bemg connected with a Pohl’s le- 
verser (p), and this m its tniTi with the shunt (s). The two end terminals of the 
reversa’ are connected with a rheochord, through the wue of which (a, b) a 
constant current is passing from the Darnell cell (d) By means of the rider (c) 
the fraction of ourient passmg thiough the reversei can be modified to any 
extent. The key (k) being open, the muscle is connected with the shunt and 
galvanometer, and the duection and extent of the swing noticed The 
key (k) is then closed, and by means of the reverser the current is sent through 
the gfldvanometei in the opjpsite dmeotion to the demarcation current, and the 
ridei (o) shifted until the two cuirents exactly balance each other, and the 
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needle of the galvanometer retuma to zero of the scale. This adjustment is 
first made, using only of the total current, and then by means of the 
shunt, and finally the whole current is thrown into the galvanometer. 

If this precaution be not taken, much too large a current may m the first 
case be sent through the galvanometer, to the detriment of the instrument 
If we know the dlJBferenoe of potential between the two ends of the wue, 

the proportion ^ will give us the E M.P of the demarcation current The 

galvanometer needle having by compensation been brought to zero, stimu¬ 
lation of the nerve at (e) by interrupted currents causes the needle to swing 
at once in the opposite direction to the first variation This swing is the 
measure of the negative variation or current of action 

The negative variation may also be observed, by means of 
a very lightly movmg galvanometer, to accompany a single 
twitch of the muscle. It has been found to occupy about 
•rfir second, and to occur immediately after stimulation. 

Smoe a dehcate galvanometer takes some seconds to come to rest when 
a current is sent through it, the whole of the variation is over at a tune 
when the magnet has haidly commenced its swmg Hence to analyse more 
fully the electrical change accompanying each separate twitch of the muscle, 
lecourse must be had to other methods than the direct galvanometnc method. 

Foi this purpose we generally use an mstrument called the rheotome, by 
which wc can connect the electrodes on the muscle with the galvanometer at 


Fig 55. 



Diagram of rheotome (Hermann). 


varying inteivals aftei stimulation, and by observing the galvanometer readings 
at each 3 ^ second after stimulation, can map out the exact couise of the ouiTent 
of action 

The mstrument is lepiesented diagrommatically m Fig 66 

By means of a clock or motor the lod, a b, is made to lotate at any 
reqmred rate round a vertical axis at its centie On either end it carries 
two brushes made of fine wire and connected together The brushes at each 
rotation come m contact with the pieces of copper, 11 ', and when this 
happens the primary circmt, k, r', a, 1 , p, is lapidly closed and broken again, 
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thus giving rise to a momentary ouirent in the seoondaiy coil, b, and ex¬ 
citing the muscle, m In the same way the brushes, b, close the galvano- 
metei-eleotrode-inuscle oucmt, a, t, b, t', 1, ii, q, eaoh time they brush on the 
copper banks, t t' By tuitimg the disc, a, round, the mterval at which the 
brushes, b, pass 11', after the brashes, a, pass i i', can be altered at will, and 
theiefoie the interval between stimulation and leading off the current to the 
galvanometer 


But there is no need for any demarcation current to be 
present in order to show an electrical change accompanying 
contraction. In fact we learn much more about the natui-e 
of the excitatory change if we study the electrical behavioui* 
of a perfectly normal (and therefore currentless) muscle on 
stimulation. This can be easily done by means of the rheo- 
tome or capiUary electrometer. 

If a perfectly unmjuied regular muscle (such as the 
sartorius) be stimulated with a smgle induction shock at one 
end (x) (Pig. 56), and the relative electrical conditions of the 

Fiq 66 



Diagram showmg diphasic vanation of munjurod niusole 

points (a) and (b) investigated, it will be found that as soon as 
the excitatory process reaches (a), this point becomes negative 
to (b), and there is thus a current m the galvanometer fi’om 
(b) to (a). A moment later the two points are equipotential, 
as shown by the fact that no current passes through the 
galvanometer. A thousandth of a second later this balance 
is upset, and now (b) is negative to (a), and the galvano¬ 
meter needle swings m the opposite direction. 

Thus every excitation of a normal muscle gives rise to 
a diphasic variation, of such a direction that the point 
stimulated first becomes negative ^ to all other points of the 

^ Th.e Btatemeut that the excited portion of the muscle becomes ‘ negative,’ 
though sanctioned by long usage, is not very exact and may give use to mis¬ 
conception When we lead off the terminals of a ooppei zinc couple or cell to 
a galvanometer, a current flows outside the cell horn copper to zinc and mside 
the cell fiom zinc to copper. In this case we know that the zinc is electro- 
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muscle, and this ‘ negativity ’ (to use a loose but convenient 
expression) passes as a wave down the muscle, accompanying 
or preceding the wave of contraction, and travelling at the 
same rate. 

This diphasic current of action is shown much more 
clearly and easily on a slowly contracting tissue such as the 
frog’s ventricle. 

Pig. 67 represents the photograph of the variation of 
the frog’s heart, as shown by a capillary electrometer, one 
terminal (acid) of which is connected with the base of the 
ventricle, and the other (Hg) with the apex. The con¬ 
traction of the ventricle begins at the base. The base 
therefore becomes negative, and the column of mercury 
moves up (1 to 2) A moment later the contraction has 


Pio 67 



Tiaomg of diphaaio vanation of frog’s heart taken with 
capillao^ electiometer 

extended to the apex. There is now an equalisation of the 
potential between the two terminals, so the mercury comes 
back quickly to the base line. Here it stops for about one 
and a half seconds. During this time the whole heart is 
contracting equally; both base and apex are thus in a similar 
condition, and there can be no difference of potential between 
them. The contraction then goes off, but the relaxation, just 
as the contraction, begins at the base, and proceeds thence 
to the apex. There is thus a small period in which the apex 

positive to the copper, and in the same way we must aastime that the excited 
portion of a muscle is really electro^osiUve to the nnexoited portions When 
therefore we speak of any part of a tissue being negative, we aie using a con¬ 
ventional expiesBion to indicate the direction of the curieiit in the outer 
oil cult, and not the electiioal condition of the tissue itself. In oidei to avoid 
the confusion which might result from an attempt to replace the loose ex- 
piession ‘negative’ by the correct expression ‘electropositive,’ Wallei has 
suggested the employment of the term ‘ zmcative ’ to indicate the electiical 
condition acoompanying excitation This term also selves to emphasise the 
fact that the excited portion, hke the zinc m a zinc coppei cell, is the chief 
seat of obemioal change. 
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IS still contracted while the base is relaxed, and the apex is 
therefore negative to the base. This terminal negativity of 
the apex is shown on the photograph by the excursion of the 
column of mercury away from the point of the capillary at (4). 

The only difference between the electrical changes in this 
case and in that of voluntary muscle is that in the latter 
all processes are very much quicker, so that as a rule the 
point (a) (Fig. 66) has ceased to be negative before the 

Pig 68 



Diagram of capillaiy electrometer Hg, Mercury The two 
terminals aie represented as leading off two points at the base 
and apex of a frog’s heart, a b 


negativity of (b) has attained its full height, and there is 
thus no prolonged equipotential stage. 


Although in the case of the slowly contracting ventiiole of tlie tortoise, 
the record obtamed of the eleotiieal changes accompanying its oontiaction by 
means of the capillary electrometer shows with great clearness the diphasic 
natme of the vanation, and therefore the wave character of the eleotiiciil 
change, considerable difficulty is at first experienced when we attempt to inter¬ 
pret in the same way the eleotiometer reooid of the electrical lesponso of 
voluntary muscle In this case the eleotneal change at any spot only lasts about 
of a second, and theieis not a prolonged equipotential period, as in the case 
of the heart The diphasic nature of the variation is however obvious, if we 
compare the electrometer record of an intact and therefoie currentleas muscle 
with that of the change produced by a smgle stimulus in a muscle in whicJi 
one of the leadmg-off pomta has been injured, so as to give use to a demai- 
cation current. The two curves are given in Fig 69, the upper shadowy 
tracing being that obtamed from the injured muscle It will be seen that the 
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distmgmshing oharaoter of a diphaBio variation in the rapidly oontraoting 
stnated mnsole oonBiats in the faot that the downatroke of the image of the 
memscns is as rapid as the upstroke, whereas the monophasio variation of the 
injured mnsole presents a slow faU produced by the gradual leakage of the 
charge imparted to the mstrument back through the electrodes and muscle. 
Knowmg the constants of the instrument used, it is possible, by measurmg 
the ourvatuie of this ‘spike,’ as the record of the diphaaio variation is 
termed, to detenmne accurately the electromotive force of the action current 
producmg the excursion of the electrometer. An exactly similar curve can be 
obtamed by puttmg m a current of E M F. from a battery, first in one 

direction for 5 J 5 of a second, and then m a reverse direction for another ^ of 
a second 

It must be remembered that a diphasic variation does not mean that one 
part of a muscle changes from normal in one direction, and then swings back 


Fig. 69, 



Superimposed photographs of the eleotirioal variation of the aai tonus 
m lesponse to a smgle stimulus. (Burdon-Sanderson ) 

past the normal m another direction, but that a change in one direction at one 
electrode dies away and is succeeded by a similar change in the same 
direction, which also dies away, at the second electrode that is to say, a 
diphasic vanation implies a progression of a wave of electrical change between 
the leading-ofE pomts It is found that the rate of transmission of this 
electrical change in muscle is exactly the same as the rate of propagation 
of the wave of contraction, and amounts at ordinary temperatures to about 
3 metres per second. 

We may now return for a moment to the consideration of 
the current of rest observed m injured muscle. 

Heimann considers that muscle (or contractile tissue) 
becomes negative under two conditions : 

(1) In activity. 

(2) When dymg. 

But it must be confessed that the second may be easily 
placed under the first head. Section or inj’ury of a muscle 
causes a constant stimulation of the adj'acent parts. These 
parts therefore become negative to the other parts that aie 
further away from the seat of injury, and we thus get a 
demarcation current. Hence we come to the conclusion 
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(only paradoxical in terms) that the currents of rest are cur* 
rents of action, and are due to excitation around the injured 
spot.' 


Electrical Organs 

An interesting light has been throivn on this quesfion by 
a study of the electrical organ in the torpedo and other electric 
fishes. In the torpedo is found on each side of the middle 
line a kidney-shaped organ forming a considerable mass of 
the body-substance and extending from dorsal to ventral side. 
Viewed from the surface each organ presents a honeycombed 
appearance, due to the fact that it is made up of a number of 
prismatic columns running dorso-ventraUy, each column con¬ 
sisting of an enormous number of hexagonal discs placed one 
above the other. Bach column is richly supplied with nerves, 
which are derived from large ganglion cells, situate in a 
distmct lobe of the brain. Each nerve divides up into eighteen 
or twenty branches as it approaches the column, as shown in 
the diagram (Pig. 60). Each plate receives nerve-fibres at all 
its six corners. On tracing the nerve-fibre into the plate, we 
find that every element consists practically of a gigantic motor 
end-plate. The axis-cylinders branch dichotomously and form 
a close network embedded in granular protoplasm, and rest¬ 
ing on a granular material which represents all that is left of 
the striated muscles of the embryo, out of which the electrical 
organs have been developed. We have therefore a series of 
end-plates separated from one another by laminae of connect¬ 
ive tissue, and so arranged that any electrical changes in the 
nerve terminations will be summated somewhat after the 
analogy of the summation of effect m a Volta’s pile. As a 
result we find that, although the electromotive force of the 
action current m a single element is only about 0'025 volt (no 
greater than that observed in an ordinary nerve or muscle), 
yet the B.M.F. of the whole organ compounded of thousands 
of these plates attains to several hundred volts, so that, in 

' If the clemaroation ouiTent is really only due to excitation, we should 
expect to hnd it weaker than the action cuiient obtained by exciting the 
whole muscle to oontiaot And this is the case The E M F of the demar¬ 
cation ourient of a sartoiiuB equals about 0 05 of a Eaniell cell The action 
current of the same muscle may attain to an E M F = 0 08 of a Daniell cell 
(Gotoh) 
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spite of the short circuiting of the current by the water in 
which the animal is immersed, a discharge of the organ would 
give a painful shock to any one touching the fish, and may 
even kill small animals. 

We have here an excitable tissue in which the action 
current is from the anatomical arrangements of the organ 
always monophasic. If an organ or segment of an organ be 
out out of the body, it will be found to present a resting 
current, which however declines quickly and may finally 
disappear altogether. The direction of this resting current 

Fio 60 



Diagraim of the structure of a column of the electrical organ of the 
Torpedo, showing its division into discs, and the distribution of 
its neive supply (Fritsoh) 

IS always the same as that of the discharge. Injury to any 
part of the organ or at either electrode always mcreasea the 
resting current, whereas of course in a muscle the direction of 
the resting current is entirely determined by the situation of 
the injury. In the torpedo therefore the restmg current is 
always a current of action due to the slight constant irntation 
of the mjury; and there seems no reason why we should 
assume a different explanation for the resting current in striated 
muscle or m nerve. 


9 
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Secondary Gonfrachon. Bheosoopic Frog 

The negative vanation of one muscle may be used to make 
another contract. 

If the nerve of the preparation (a) (in Pig. 61) be laid so 
as to touch at two points the cut end and surface of the 
muscle (b), and the nerve of (b) then stimulated with smgle 
induction shocks, every contraction of (b) will be attended by 
a contraction of (a), excited by the negative variation of the 


Fio. 61 
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lUieoscopio frog 

current passing through its nerve from the point touching the 
cut end tojhat in contact with the equator of (b). 

If the nerve of (b) is tetamsed, (a) as well as (b) enters 
into a continued contraction. This ' secondary tetanus' is 
of interest as showing that, although the contractions of (b) 
are fused, the excitatory process and negative variations are 
still quite distinct, 
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Section 6 

THE CHEMI8TEY OE MUSCLE 

Chemical ComposiUon of Voluntaiy Muscle 

It is impossible to speak mth certainty about the chemical 
composition of any living tissue, since in the act of analysis 
we destroy the hfe of the tissue; all we can do in most cases 
is to find the proximate principles present m the dead tissue. 
But, by using certain precautions, we may learn some interest¬ 
ing facts about the chemistry of hving muscle. Muscle of 
cold-blooded ammals may be cooled below 0® C. without losing 
its irritability on re-warming and theiefore we may say with¬ 
out its life being destroyed. If the living muscle of frogs be 
frozen, then minced with ice-cold kmves as finely as possible 
and pounded m a moitar with four times its weight of snow 
cont ainin g 0*6 per cent, of common salt, and the mixture 
thrown on to a filter and kept at a httle over 0° 0., an 
opalescent fluid filteis through. The filters soon get clogged 
and therefoie must be frequently changed. Their temperature 
must not be allowed to rise over 2° or 3° 0, This fluid is 
called muscle-plasma. If its temperature be allowed to rise 
to that of the room, it clots, and the clot soon contracts, 
squeezing out a serum, just as in the case of blood-plasma. 

The muscle-plasma is neutral or slightly alkaline. When 
coagulation takes place however, it becomes distinctly acid, 
and this acidity has been shown to be due to the formation of 
sarcolactic acid in the process. 

Argmng chiefly fiom analogy with the blood-plasma, the 
muscle-plasma has been said to contain a body, myosinogen, 
which is converted when clottmg takes place into myosin, and 
perhaps other bodies, of which lactic acid may be one. 

The exaoi) nature of the proteins m musole-plasma, as well as of the pro¬ 
tein constituent of the clot, which we have called myosin, is still a subject of 
debate KiUme, to whom we owe our first acquaintance with muscle-plasma, 
described the clot as consisting of myosin, a globulin, soluble m 5 per cent 
solutions of neutral salts, such as NaOl or MgSo^, precipitated by complete 
saturation with MgSo^, and coagulated on heating to 66® 0 In the muscle 
serum, obtained after separation of the clot, he found three proteins, one 
coagulating at 46® G., one he called an albumate (%.e a derived albumen), and 
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the third coagulating about 76° 0, and apparently'identical with serum 
albumen. HeJliburton extended these researohea to the muscles of warm¬ 
blooded anunalB He descnbed four proteins os existmg m muscle-plasma, 
of which two, paiamyosmogen and myosinogen, gave rise to the clot of 
myosm, 

In no case however is it possible to entirely dissolve up the clot when once 
formed, and it seems that the so-called solution m dilute salt solutions was 
merely an extraction of stiU soluble proteid m the meshes of the clot The 
latest work on the subject by von Purth has shown that if the muscles of a 
mammal oie washed free of adherent lymph and blood, the plasma obtamed 
by extraction with normal salt solution contams only two protems. These 
piotems are extremely unstable, and are gradually transformed on standing 
into insoluble protem, giving use to a precipitate m dilute solutions, or 
forming a jelly-like clot m strong solutions. The properties of these proteins 
may be summarised as follows : 

1. Myosm (paramyosinogen of Hallibm’ton) A globuhn, coagulating at 
abont 47°-60° 0, pieeipitated by half saturation with ammonium sulphate or 
on dialysis Transformed slowly m solution, rapidly on precipitation, into an 
insoluble protein, myosm flbrm. 

2 Myogen (myosinogen of Halliburton). A protein aUied to the albumens 
in'that it is not precipitated by dialysis Coagulates on heatmg at 55°-60° 0. 
It changes slowly into an insoluble protem, myogen dhrm, but passes through 
anmterme&Lata soluble stage called soluble myogen fibrin This latter body 
coagulates on heatmg to 40° 0 , being instantly converted at this temperature 
into insoluble myogen fibrm It does not seem that any ferment action is 
associated with these changes, which we may represent by the following 
schema 

Muscle-Plasma. 

Myosin or Paramyosinogen. J Myogen (Myosmogen of Hallibuiton, 

I ^bumate of Kuhne). 

I Soluble myogen flbiiu 

Myosin fibrm Insoluble myogen fibrin 

Muscle clot. 

Soluble myogen flbrm, which in mammalian muscle-plasma forms only on 
standing, exists apparently preformed in hog’s muscle Hence the instan¬ 
taneous clotting of frog’s muscle-plasma on worming to 40° 0 

The residue left after the expression of the mnscle-plasma 
consists chiefly of connective tissue, sarcolemma, and nuclei, 
and as such contains gelatin (or rather collagen), mucin, 
nuclein, and adhermg traces of the protems of the muscle- 
plasma itself. 

The muscle serum contains the greater part of the soluble 
constituents of muscle. These are— 

A. Colouring matters. — All red muscles contain a con¬ 
siderable amount of hesmoglobm. In many, a special pigment. 
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probably allied to heBmoglobin, is also present. This has been 
named 'tn/yohcBmatin (MacMunn). 

B. Nitrogenous extractives.—Oi these, the most important 
is creatin (C4HQN3O2 + H2O), which occurs to the extent of 0*2 
to 0’3 per cent. This substance is found only in muscular 
and nervous tissues. Its significance we shall discuss later on 
when inquiring into the history of the formation of urea. 

Other nitrogenous extractives are— 

Hypoxanthin or sarcin, xanthin (both bodies allied to uric 
acid), carnin, and a trace of urea. 

0 . Non-nitrogenous constituents, —Fats. 

Glycogen. The amount of this is very variable. In the 
embryo the muscles may contain large quantities, but in the 
adult they contain only from 0*4 to 1 per cent. 

Inosit (C6Hi20t, + 2H20), or ' muscle-sugar,’which occurs 
in nunute traces, is non-fermentable, does not rotate polarised 
hght, and does not reduce Fehhng’s solution. It does not 
belong to the group of carbohydrates at all, being a derivative 
of benzene. 

Dextrose. It is doubtful whether this is present in fresh 
resting muscle. 

n. Inorganic constituents. —Muscle contains about 76 per 
cent, of water. The ash forms 1 to 1'6 per cent, and consists 
chiefly of salts of potassium and phosphoric acid. There are 
small traces of calcium, magnesium, chlorme, and iron. ^ 

Bigor Mortis 

All muscles, withm a short time of then removal from the 
body, or if left in the body after general death, lose their irri- 
tabihty, and this is succeeded by an event which occurs rather 
suddenly, and is known as rigor mortis. The muscle, which 
was before translucent, supple, extensible, becomes more 
opaque, rigid, and mextensible, and shortens. The shortening 
is not very powerful, and can be prevented by loading the 
muscle moderately Chemical changes also take place. The 
muscle, which was pieviously alkaline, becomes distinctly acid, 
the acidity being due to the formation of saicolactic acid. 
There is also pruduction of COj and an evolution of heat. 

It is generally believed that this change is identical with 
the clotting of muscle-plasma, and that the rigidity as well as 
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the contraction of the muscle is due to the coagulation of the 
muscle-protems. That there is at any rate a close connection 
between the two sets of phenomena is shown by Brodie’s obser¬ 
vations on the heat-contraction of muscle. This observer found 
that, if a hving muscle be lightly loaded and then warmed very 
gradually, a series of stages in the heat-contraction could be 
distmguished corresponding to the coagulation temperatures of 
the different protems described by von Purth in muscle-plasma. 

The onset of rigor is closely connected with the post-mortem 
production of sarcolactic acid. If the formation of this acid 
be prevented or diminished (as may be effected by keeping 
the muscle m an atmosphere of pure oxygen), rigor may 
be retarded or prevented altogether. The same result is 
obtamed if the accumulation of the acid in the muscle is pre¬ 
vented by washing out its blood vessels with a slightly alka¬ 
line normal saline solution. Under these circumstances, the 
muscle gradually loses its irritability, and may finally be 
regarded as dead, but it will then begin to putrefy without at 
any time showmg any signs of rigor. The influence of lactic 
acid in causing the coagulation of muscle protems, distinctive 
of rigor mortis, is shown by the fact that after severe muscular 
fatigue, as in hunted animals, where there has already been a 
considerable formation of these waste products of muscular 
contraction, rigidity may come on almost immediately after 
death. Eigor mortis therefore may be regarded as a 
coagulation of muscle proteins mduced by the accumulation 
of the products of metabohsm m the surviving excised 
muscle. Of course, a rigidity of muscle may be also brought 
about by the direct agency of heat, as by plunging mlo 
boiling water. In this case there has been no time for any 
chemical change to take place, and the scalded muscle lemams, 
like fresh muscle, shghtly alkaline to litmus. 

A rigid muscle never recovers. It is dead, and in dying 
chemical and physical changes have taken place, giving lise 
to shortening and rigidity, and converting a flmd complex 
substance into an aggi-egate of insoluble protein, with the 
foimation of CO.^ and lactic acid. The unstable living molecule 
has broken down into dead stable molecules, the potential 
energy of the former appearing as heat and woik 

The laotio acid formed m musole (eiuoolactrio eoid) is a physical isomer of 
the lactic acid formed m the fermentation or soniing of milk They both 
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have the fortnnla OH, OH(OH] OOOH, ^ a they ore ethyhdene laotio aoida. 
The laotio aoid of fermentation is optioallj maotive; saroolaotio aoid rotates 
polansed light to the right, while a third isomer which is Icevorotatoryis 
produced by the action of varions baoilh and yibnones on oaue sugar. 

The Chemical Changes which accompcmy Acti/oiiy 

The principle of the conservation of energy teaches ns that 
the energy of the contraction of muscle must be derived from 
chemical changes, probably processes of decomposition and 
oxidation, occurring in the muscle itself. In seeking out the 
nature of these changes, three methods are open to us: 

1. We can examine the changes in the muscle itself, avoid¬ 
ing BO far as possible reintegrative changes by working ou 
excised muscles. 

2. We can investigate the changes m the medium of the 
muscle. Muscle may be exposed in a vacuum or in a confined 
space of air, and its gaseous mterchanges during rest and 
activity compared. Or we may lead a current of defibrinated 
blood through excised muscles, and determine the change m 
the composition of the blood before and after passing through 
the muscle under various conditions. 

8. A method which, although apparently complex, has 
rendered the utmost service to the physiology of muscle, is to 
use the changes in the total metabolism of the animal during 
rest and muscular work as a clue to the muscular metabolism 
itself. In such a case the respiiatory exchanges of the animal 
are determined (viz its oxygen mtake and its OOg output), 
and the urme and fesces are carefully analysed, in order to 
judge of the action of muscular work on the carbon and 
mtrogen metabolism of the body. 

By one or other of these methods it has been found that 
the main products of muscular activity are the same as those 
which are produced during the death of a muscle, viz. sarco- 
lactic acid and carbon dioxide. 

It was shown long ago by Helmholtz that when a muscle 
was tetanised to exhaustion, the total amount of its watery 
extractives diminished, while the amount of its alcohohc 
extractives increased ; and there is no doubt that part of this 
difference is due to the formation of lactic acid. The sourmg 
of muscle durmg activity can be easily demonstrated by 
stimulating the muscle for some time and then crushing a 
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fragment of the excised muscle on litmus paper. The litmus 
is at once turned red. Or we may inject a solution of acid 
fuchsm under the skin of a frog, and the next day expose a 
sciatic nerve and stimulate it for fifteen or twenty minutes. 
On skinning the hind legs, a difference in colour will be at 
once apparent, the leg which has been active being of a deep 
rose colour, owing to the action of the acid on the fuchsin. 

Saicolactio acid is not piesent m a free state in muscle, the acidity being, 
liJte that of mine, due to the presence of acid phosphates. The saroolaotio 
acid can be extracted from the muscle by means of alcohol. It is generally 
separated m the form of the zmo saroolaotate, by boilmg its partially pun- 
hed solution \nth zino carbonate Its piesence may be tested for by means of 
Uffehnann’s leagent, which is made by the addition of feme chloride to dilute 
oarbohe acid The purple solution thus pioduced is at once changed to yellow 
by the addition of even traces of laotio acid 

We get a similar formation of lactic acid in excised 
mammalian muscles, which are kept ahve by an artificial 
circulation. We do not know how far the formation of lactic 
acid occurs under normal circumstances in the living body. 
At all events any lactic acid produced by the muscle during 
activity in the normal animal, is further transformed (to CO^^) 
before it leaves the body. During severe muscular exercise 
however, lactic acid may be formed in the muscles and escape 
oxidation in the body, so that it is excreted in the urme. 

The second substance, carbon dioxide, is continually being 
formed by all living tissues, and is the end-pioduct of 
practically all the carbon metabolism of the body. If a 
muscle be hung up in a confined space, it will be found to 
take up oxygen and give off CO 3 ; and these interchanges aie 
quickened by causing the muscle to contract. 

It is found however that this effect of activity is dependent 
on the composition of the gas surroundmg the muscle If it 
be'hung up in a vacuum or m an atmosphere of nitrogen 
01 hydrogen, there is a slow evolution of OOg, which is not 
appreciably quickened during contraction, and seems to be 
conditioned by a gradual dnvmg off of CO 2 from the alkaline 
carbonates m the muscle, as a result of the steady production 
of lactic acid which precedes the onset of rigor. If however 
the muscle be suspended in an atmosphere of pure oxygen, the 
foimation of acid is diminished or abolished; but now each 
contraction of the muscle is followed by an increased evolution 
of carbon dioxide. 
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We see therefore that, according to the environment of 
the muscle, its activity is attended by the formation either of 
lactic acid or of carbon dioxide, the latter substance being the 
sole product if sufficient oxygen be supplied to the muscle. If 
the supply of oxygen be inadequate, both substances are pro¬ 
duced, the proportion of lactic acid varymg accordmg to the 
relative inadequacy of the oxygen supply. This relation holds 
good both m rest and activity, the effect of activity bemg 
merely to mcrease the chemical changes which are going on 
spontaneously in the surviving resting muscle. 

It is an interestmg point to determine whether we have 
laere really two alternative chemical mechanisms for the pro¬ 
duction of energy. We know that sugar can be utilised by 
muscle as a food and source of energy. It has been suggested 
"tlierefore that, m the absence of oxygen, the energy for con¬ 
traction was derived from a process of disintegration, each 
molecule of grape sugar breakmg down mto two molecules of 
lactic acid, thus : 

CeHj gOjj=2C3HQO3. 

Sugar Laotio acid 

On the other hand, in the presence of sufficient oxygen, the 
sugar would be entoely oxidised with the formation of COj 
and water, thus: 

^b^l2®G 602 = 6002 + 6H2O. 

Sugai 

The change from sugar to lactic acid involves, however, 
praotically no evolution of energy—so that in the absence of 
oxygen the energy of contraction must be derived horn some 
other source. 

It seems more probable that we are dealmg here with two 
stages of one process, and that m the muscle under normal 
conditions richly supplied with oxygen) the first chemical 
eliange is one of dismtegration, leading to the formation of 
lactic acid (and probably other substances), and that this is 
followed by a process of oxidation, in which all the products of 
tlie first stage are converted into CO^, which can be rapidly 
eliminated from the muscle. If the supply of oxygen is 
d.eficient, the products of the first stage remain m the muscle, 
giving rise to the phenomena of fatigue, and finally inducing 
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the coagulation of the muscle proteins which determines rigor 
mortis. 

We may therefore conceive of the living protoplasm of 
the muscle during contraction as using stored-up carbo¬ 
hydrate or allied substances, and oxygen to furnish the 
necessary energy; but it is also possible that the whole living 
molecule breaks down with the formation of a still hving 
protein residue, and waste products such as GO 2 and lactic 
acid. Immediately afterwards this living residue takes up 
oxygen and carbon-containing substances from the surround¬ 
ing lymph or interstitial substance of the muscle, and is 
ready once more to break down and furmsh energy in the 
process. 

A hypothetical muscle molecule of this nature is spoken 
of as inogen. 

The facts, that the main products of muscular activity aie 
CO 2 and lactic acid, and that no change has been found to 
occur in the creatin or other nitrogenous extractives of the 
muscle during contraction, have produced a widespread idea 
that the sole source of muscular energy is to be sought m 
the combustion of carbohydrate or fatty material, the proteins 
of the body taking no part in the process. The whole 
question will have to be discussed more fully later on, when 
dealing with the general metabolism of the body. I may say 
here however that, so far as the evidence goes, we cannot 
draw any qualitative distinction between the metabohsm 
which results m muscular work, and the metabolism of the 
resting animal. Thus the relative proportion of the CO 2 
produced to the oxygen taken in, the so-called respiratory 

quotient will vary according to the food that is being con¬ 
sumed, being unity with carbohydrates, less than unity with 
proteins, and still less with fats. It is found that muscular 
work does not alter the respiratory quotient * %,e, during 
work the quahtative metabolism of the whole body is the 
same as during rest. We must conclude therefore that the 
muscle derives its energy from the combustion of all three 
classes of foodstuffs, although in the absence of excess of 
food, it will perform its work at the expense of stoied-up fat 
or carbohydrate. 

The absence of change in the respiratory quotient during 
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exercise shows moreover that in a muscle 
conditions the two processes, viz. the taking in of oxygen and 
the giving out of COj, keep pace one with the other. In 
warm-blooded animals, the shuttmg off of the oxygen supply 
rapidly induces paralysis and loss of irritability of the muscles. 
This fact, coupled with the fact that, as mentioned above, the 
final results of muscular activity differ according as the 
muscle is or is not supplied with oxygen, suggests that the 
oxygen takes part in the process of activity only at a late 
stage, after the disintegration of the complex living molecule 
has already begun. 

Such a oonoluBion ib, however, opposed to the generally aooepted views on 
the nature of the oxidation processes m the cell According to Hermann, 
Pfluger, Verwom and others, there is durmg rest a building up both of oxygen 
and food material mto the living molecule Activity consists m a rearrange¬ 
ment of the molecule, with the assumption of more stable positions by the 
oxygen and carbon atoms, and a consequent production of OOg [Op the 
explosion of gun-cotton or mtroglyoerm). The presence of this mtromoleoular 
oxygen m an unstable position would be a necessary condition both for 
imtabihty as well as foi the activity of all forms of living tissue, espeo 
muscle and nerve 

If the muscle can use all classes of foodstuffs in its meta¬ 
bolism, one would expect to find some change in the mtro- 
genous constituents as the result of activity. Physiologists 
have searched in vain however for any evidence of the 
formation of creatin or urea in excised muscle during con¬ 
traction. Schondorff has recently shown that if excised 
muscle be kept ahve by perfusion of defibrinated blood, its 
activity is associated with increased formation of ammonia. 
The formation of ammonia is however the natural mode of 
protection of the whole organism against acid poisonmg, and 
it seems quite probable that in Schondorff’s experiments the 
ammoma formation was simply a secondary result of the lactic 
acid formation, and not a dnect expression of the metabolism 
of the active muscle. 



under normal 
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Sbotion 7 

CONDITIONS MODIFYING THE lEEITABILITY AND 
OONTEAOTION OF MUSOULAE TISSUE 

Temperature 

Speaking generally, the effect of warming a muscle is to 
quicken aU its processes. The latent period becomes shorter 
and the muscle curve steeper and shorter. 

It IS veiy often observed that the height of contraction of the warmed muscle 
IS greater than that obtained at ordinary tempeiatures It seems that this 
apparent morease m height is really mstromental in origin, the quickor-moviug 
muscle jerking the lever beyond the real extent of the contraction. If proper 
means are token to eliminate this overshooting of the lever,it is found that the 
height of contraction is unaltered between 5° and 20^ 0 , the only change being 
m the time-relations of the curves 

If a muscle be heated gradually (without stimulation) up 
to about 46“ 0., it begins to contract slowly at about 84“ C., 
and this contraction reaches its maximum at 46“ 0., at which 
point the muscle has entered into pronounced rigor mortis. 

Cold has the reverse effect. The intra-molecular processes 
which he at the root of the muscular activity are slowed, so 
that the latent period as well as the contraction period is 
prolonged. Curiously the action of cold on the excitability of 
muscle is to increase it, so that any form of stimulus is more 
effective at 6“ C. than at 26“ C. Moreover, when maximal 
stimuli are being used, and the muscle is heavily loaded, the 
first effect of the apphcation of cold may be to increase the 
height as well as the duration of contraction, for the same 
reason that a gentle prolonged push is more efficacious in 
closmg a door than would be a heavy blow with a hammer. 

If however a muscle be cooled for a short time to zero 
or a httle below, it loses its irritability, which returns if the 
muscle be gradually warmed agam. 

Prolonged exposure to severe cold, sufficient to cause the 
formation of ice in the muscle fibres, irrevocably destroys its 
irritabihty. Warming the muscle now will simply bring about 
rigor mortis. 
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A muscle Will not go on contracting indefinitely. If it be 
repeatedly stimulated, changes soon become apparent m the 
curve of contraction. The latent period is prolonged, as well 
as the length of the contractions ; the absolute height and 
work done are diminished. At the same time the muscle 
does not return to its original length; thb shortening which 
remains is spoken of as ' contraction remahnder' 

After an initial rise during the first few contractions 
these dimim'sh uniformly in height till they are no longer 
apparent, so that the muscle is now said to have lost its' 
iratabihty. 

Fifl 62 



Muscle CTir7eB showing fatigue m consequence of repeated stimula¬ 
tion The first six coukactions are numbered, and show the 
initial increase of the first thiee contractions. (Brodie) 


At the same time there is a great prolongation of the 
curve, occasioned almost entirely by a retardation of the 
relaxation, so that after forty or fifty contractions several 
seconds may elapse before the lever returns to the base line. 

The fact that the relaxation part of the muscle curve is affected by various 
conditions, especially fatigue, apparently independently of the contraction pait, 
led Fick to put forward a theory that two distmct processes were concerned in 
the response of a muscle to excitation, one process causing the active shortenmg 
and the other the relaxation. (It must be noted that this is Tiot the same as 
saymg that the lengthening is an active process, a statement negatived by the 
behaviour of a muscle when caused to oontiaot on mercury) He suggested that 
the disintegration associated with activity might be conceived as ocounring in two 
stages tbe first rosulting in tbe production of saroolactio acid and the active 
sbortemng of the muscle; the second in the further conversion of the acid into 
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OO 2 , \ 7 il 1 h a consetiiient relaxation. A retardation of this second phase would 
cause the prolonged curve with ‘ contraction remainder ’ observed in a fatigued 
muscle The absence of any appreciable evolution m the conversion of glucose 
to lactic ELCid, shows however that the formation of lactic acid cannot repre¬ 
sent the whole of the chemical changes involved in the phase of shortenmg 

If left to itself, the muscle which has been exhausted by 
repeated stimulation wiU recover. The recovery is hastened 
by passing a stream of blood, or even of salt solution, through 
the blood-vessels of the muscle. Eecovery however in a 
muscle outside the body is never complete. 

The phenomena of fatigue probably depend on two 
factors: 

(1) The consumption of the contractile material or the 
substances available for the supply of potential energy to this 
material. 

(2) The accumulation of waste products of contraction. 
Of these waste products the lactic acid is of great import¬ 
ance. Fatigue may be artificially induced in a muscle by 
‘ feeding ’ it with a dilute solution of lactic acid, and this 
again removed by washing out the muscle with normal saline 
solution containing a small percentage of alkaU. After a 
certain tune the meie removal of waste products by means 
of an artificial circulation of salt solution becomes inadequate 
to restore contractile power to the muscle. In this ease the 
muscle can be made to contract once more by supplying it 
with fresh food material, as by the circulation of serum or 
diluted blood. 

The Aotwn of Drugs wpon Volimitary Muscle 

Of the drugs that have a direct action on muscle, the 
most remarkable is veratrin, which causes an excessive pro¬ 
longation of a muscular contraction (produced by a smgle 
stimulus). Thus the ‘twitch’ of a muscle poisoned with 
veratrin may last fifty or sixty seconds, instead of the normal 
one-tenth of a second (Fig. 63). 

Barium salts have a similar though less marked effect. 

In order to carry out the poisonmg with veratrin, very 
weak solutions (1 m 100,000 or 1 in 1,000,000 of normal 
saline) should be used and the muscle exposed to its action 
for some hours. We get then on a single stimulus a response 
lastmg many seconds and exactly similar m height and form to 
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a tetanus obtained by discontinuous stimulation. If stronger 
solutions be used, the action of the drug is apt to affect the 
fibres unequally, so that we may have a sharp normal twitch 
precedmg the prolonged contraction (Fig. 64). If the muscle 


Fig. 63. 



A. Tracing ot the oonfcraotloiL of a frog’s sartorius, poisoned with 
veratnn, in response to a momentary stimulas. The time- 
marking mdioates seconds. 

B Tetfljiie contraction of normal sartorius m response to rapidly 
interrupted stimuli. (The duration of the stimulus is indi¬ 
cated by the words ‘ on ’ and ‘ off ’) It will be noticed that 
the two cuiwes are practically identical^ (Miss Buchanan.) 

be excited immediately after the prolonged contraction has 
passed away, it responds with a single twitch like a normal 
muscle, but if allowed to rest a few minutes, stimulation is 
again followed by the peculiar long drawn out contraction. 


Fig. 64 



-• ‘ Excitation 

^.AJu\XJJUL/LA^A.^..AULAJL^^^ Seconds. 

Traomg of the oontraohon of a muscle poisoned by the injection of 
a strong solution of veratnn, showing the double oontraotion due 
to unequal poisoning of difierent fibres (Biedermanu) 


The action of sodium salts on muscle is of considerable 
interest. We are accustomed to use a 0*6 per cent, eolation 
of NaCl as a ‘normal fluid’ to keep muscle preparations 
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moist. If ho-wever the solution be made with distilled water, 
it has a distinctly excitatory effect upon the muscle, so that 
single induction shocks may cause tetaniform contractions. 
The same excitatory effect is still better marked with solutions 
of NujCO, (Fig. 66). If a thin muscle, such as a frog’s sar- 
torius, be immersed m a solution containing 0*6 per cent. NaCl, 
0*2 per cent. NSjHPOj, and 0*04 per cent. NajCOj (Biedermann’s 
fluid), the muscle enters into a series of frequent contractions, 
so that it may wriggle from side to side, or may even ‘ beat ’ 
for a time with the regularity of heart muscle, though at a 
much greater rate. 

This excitatory action of sodium salts is neutralised by the 
addition of traces of calcium salts. Hence the normal saline 
used in the laboratory should always be made with tap water, 
containing calcium salts. 

1 Potassium salts, although formmg so important a con¬ 
stituent of the ash of muscle, act as muscle poisons, quickly 
and permanently destroying its irritability. If a muscle be 
transfused with normal fluids containing minute traces of 
potassium salts, it at once shows all the signs of fatigue, 
signs which may be removed by washing out the potassium 
salts by means of 0 6 per cent. NaCl solution. It is possible 
that the setting free of potassium salts may be one of the 
factors involved in the development of the normal fatigue of 
muscle. 
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Seohon 8 

VOLUNTAET OONTEAOTION 

In the light of our kno^wledge gained chiefly by electrical 
excitation of muscles, we have now to inquire into the nature 
of ordinary voluntary contraction as it occurs in the muscles 
in the body. 

The fact that it is difScult to get an artiflcial prolonged 
contraction in excised muscles except by repeated stimula¬ 
tion—that IS, by summation of single twitches to foim a 
tetanus—has led us to view almost every voluntary contraction 
as a tetanus. What further evidence is there for this view ? 

Musole-soimd .—If we place the end of a stethoscope over 
the biceps muscle, and listen while we voluntarily contract the 
muscle, a low sound is heard. This is the muscle-sound, and 
invariably accompanies any voluntary contraction. Its tone 
corresponds to about thirty-six vibrations a second, and it 
was thought to be the first overtone of a note of eighteen 
vibrations per second, which therefore was looked upon as the 
rhythm of ‘ voluntary tetanus.’ 

But one hears exactly the same note when listening to 
any irregular sound of low intensity. The roar of London 
that we hear in the middle of Hyde Park has the same 
pitch as the muscle-sound of omr contracting biceps. And 
really this muscle-sound proves nothing about the number of 
contractions composing voluntary tetanus, for it is the natural 
resonance-tone of the ear, and therefore selected and inten¬ 
sified in the ear when we listen to any irregular mixture of 
tones and noises. 

Tracmgs of most voluntary contractions show superficial 
vibrations of eight to twelve a second, and this rhythm is 
seen in many movements, such as the clonic convulsions of 
epilepsy, and some diseases of the spinal cord. This irregu¬ 
larity would quite well account for the muscle-sound. 

But we can get tracmgs of natural contractions showmg 
eight or ten complete twitches in the second (contraction and 
relaxation), or a continued contraction with eight or ten 
superficial waves. 


10 



146 


PHYSioLoay 


So it is not sufficient to say that voluntary contraction is 
a tetanus of eight or twelve per second. If it is a tetanus, 
there must be some means by which each individual contrac¬ 
tion can be shortened till it is distinct, or lengthened till 
it fuses with the next contraction to produce an unbroken 
tetanus. And we must remember that the electrical stimulus 
differs m many of its effects from the natural stimulus, and 
so not transfer all our results of electrical stimulation too 
unreservedly to the contraction of muscles in the living body 
in response to the will. 

We have in fact definite evidence that discontinuity is not 
essential for the production of prolonged contraction. Thus 
we have already seen that, durmg the passage of a constant 
current through muscle, there is a continuous contraction m 


Fig. 66, 



Continued contiaction followed by rhythmic contiaotions of a 
niUBole in responso to a constant Btimulus (Biedennann) The 
muscle was excited by the passage of a constant current, the 
kathodal end having been moistened with a weak solution of 
NagCO^. 

the neighbourhood of the kathode. If the uTitahility of the 
muBole at this point be increased by the application of a 
Bolution of sodium carbonate, this excitation ib propagated to 
the rest of the muscle and we get a prolonged contraction on 
closure of the cm rent, followed by rhythmic contractions 
(Fig. 65). 

Moreover in excitable frogs (frogs which have been kept 
at about 2° or 8® C. for some days) the closure of a descend¬ 
ing current through the nerve causes contmued contraction 
of the muscle, and in the same way there may be a prolonged 
contraction at the opemng of an ascending current through 
the nerve. 

Attempts have been made to decide the question by 
recording the electrical changes accompanymg the natui'al 
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contractions of a muscle, ^,e. those excited reflexly through 
the central nervous system. It was long ago shown by 
Lov4n that a certain discontmuity could be seen in records 
of such changes, as of the mechamcal changes ; but a 
renewed investigation of the subject by Burdon-Sanderson 


Eia 66 



Eleotiometer records ol the electrical venations ol fiog’s muscle 
undei different conditions (Bnrdon-Sandeison). a, excited by 
inducHon-shooks 14 times per second; u, excited for periods of 
J sec by lapidly repeated induction-shocks (60 per second) alter- 
natmg with eciual periods of rest; c, stryohnine spasm (‘ natural ’ 
contraction) ^ i « uicw 


has proved conclusively that this discontinuity is so to speak 
an accident, and an expression of the tendency of the spinal 
cord to rhythmic activity. If the electrical changes of a 
strychnine spasm be photographed by means of the capillaiy 
electrometer, it will be seen that each individual spasm or 
twitch IS not a simple muscle twitch, but a prolonged con- 
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traction similar to a short tetanus. This is well shown in the 
accompanying photographs (Fig. 66, o) The period elapsing 
between the beginning and the culminating point of the 
electrical change of a smgle twitch is about of a second 
(Figs. 69 and 66, a). In the spasms making up the reflex 
(natmral) contraction, the duration of the electrical change 
is more than of a second (Fig. 66, o). The second 
photograph (Fig. 66, b) shows how we may imitate such a 
series of changes, not by a series of single stimuli, but by 
ietfimsing for a succession of periods of 0'2 second alternated 
with equal periods of rest. 

It seems therefore highly probable that the normal reflex 
or voluntary contraction is not a tetanus (a condition which 
is a product of the physiological laboratory), but a prolonged 
single contraction caused by a constant stimulus arriving at 
the muscle from the central nervous system. 




TJH; OONTRAOTILE TISSUES 


149 


Section 9 

OTHEE EOEMS OE CONTEAOTILB TISSUE 
Smooth or Unsteiatbd Muscle 

The little we know about .the physiology of unstnated 
muscle is derived chiefly from experiments on th'e intestine, 
ureter, bladder, and retractor penis.^ This tissue differs from 
voluntary muscle in containing numerous plexuses of nerve- 
fibres (non-medullated) and ganglion-cells, so that in all our 
researches it is difficult to be certain whether the results are 
due to the muscle-fibres themselves, or to the nerves and 
nerve-cells wjjich are so intimately connected with them; 
especially as we have as yet no convenient drug like curare, 
by aid of which we might discriminate between action on 
muscle and action on nerve. 

The differences between unstriated and voluntary muscle, 
Although at first sight very pronounced, on further investiga¬ 
tion prove to be in most cases differences of degree only; 
qualities and reactions which are marked in involuntary 
muscle being also present in a minor degree in the more 
highly differentiated tissue. 

The contraction of smooth muscle is so sluggish that the 
various stages of latent period, shortening, and relaxation can 
be easily followed with the eye. The latent period may be 
from 0*2 to 0‘8 second, and the contraction may last from 
half to three minutes. 

In consequence of this lack of differentiation, the smooth 
muscle preserves many of the properties of undifferentiated 
protoplasm, especially an automatic power of contraction, 

^ The retractor penis, which is found in the dog, oat, horse, hedgehog (but 
not m rabbit or man), is a thm band of longitudinally ananged unstriated 
muscle, which is inserted at the attachment of the prepuce, and is continued back¬ 
wards m a sheath of connective tissue to the bulb, where it divides mto two 
slips which pass on either aide of the anus It is innervated from two sources, 
the motor fibies being derived horn the lumbar sympathetio and running to the 
muscle m the mtemal pudic nerve, while the inhibitory fibres run in the pelvic 
viBceial nerves (nervi erigentes) and are derived fiom the second and third 
sacral nerve-roots. 
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■which ia regulated by the condition of the muscle. Thus 
whereas the voluntary muscle is mtimately dependent on its 
connection -with the central nervous system, and in the 
absence of this is reduced to a flabby mert tissue, the smooth 
muscle isolated from all its nervous connections presents in 
many cases rhythmic contractions, and can carry out a 
peripheral adaptation to its en'vironment. 

These rhythmic contractions are almost invariably ob¬ 
served if the muscular tissue be subjected to a certain amount 
of tension, after separation frbm the central nervous system. 
The rhythm of the contractions may vary from one (spleen) 
to twelve (small intestine) contractions in the minute. 

The stimuli for smooth muscle are essentially the same as 
for striated. As we should expect however from the sluggish 
response of this kind of contractile tissue, the optimum rate 
of change of current which excites is very much slower than 
in the case of striated muscle. Thus m many instances a 
single induction shock, even if very strong, is powerless to 
excite contraction, and the make-induction shock of long 
duration and low mtensity is always more efficacious than the 
short sharp break-induction current. A still better stimulus 
ia the make or break of a constant current. Wlien the latter 
form of stimulation is used, response occurs at the make 
sooner than at the break, and, just as in voluntary muscle, 
the make excitation starts from the kathode and the break 
excitation from the anode. 


An apparent exception to this statement is afforded by the behavioui of 
certain forms of involuntary mnsole. In the intestme, in the skin of worms, 
and m many other muscular tubes, the smooth musole-ilbres are arranged in 
two deflmte sheets, one oonsistuig of longitudinal, the other of circular fibres 
If non-polarisahle eleotrodes, connected with a constant somce of ounent, be 
applied to the smface of the small intestme, when the current is made there 
ynW be appaiently a strong contiaotion of the circular coat at the anode, which 
spreads up and down the intestme, and a hnear contraction of the longitudinal 
coat at the kathode The sajne result is observed m the eoi’thwoim and leech 
But careful observation shows in esich case that the irregularity is really only 
apparent, and that in the immediate neighbouihood of the anode theie is 
relaxation of both coats, with a contraction of the circular coat on each side, 
and that at the kathode there is a contraction of both coats The accom¬ 
panying diagram (Fig 67) will serve to show the condition of the circular coat 
at each electrode 

As a matter of fact, in consequence of the arrangement of the fibies, we have m 
the neighbourhood of the anode a number of places (viitual kathodes) where 
the current is leavvn.g the muscle cells to enter inert conducting tissues, and in 
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the same way there will be m the neighbourhood of the katlrode a number of 
virtual anodes. Thus if we take the ureter and lead a current through it 
while it IB slung up in thread loops serving as electrodes, there is contraction of 
both coats at the kathode and relaxation of both at the anode If however the 

Fig 67 







K 


A 


At the kathode k there is a small hne of constriction, surrounded 
by an area of relaxation At the anode itself the muscle is re¬ 
laxed, but IS strongly contracted on each side of the anode, so 
that on longh observation it would be thought that contraction 
occuned at Sie anode itself. 


ureter be packed in a pulp of blotting paper moistened with normal aalme, 
thus allowing the current to leave the contiaotile tissues anywhere along the 
ureter, we get the same aberrant results of stimulation as are obtained with the 
intestine. 


Summation 

We have already seen that if two stimuli be sent into 
a voluntary muscle within a short interval of time, there is 

Fig 68 



Diagram to show the spiead of cuirent which occurs when a current 
IS led through a tube such as the ureter by means of two elec¬ 
trodes applied to its sui-foce It will be noticed that while + E 
is the anode, theie aie immediately below and aionnd it a number 
of kathodes e , e^,, e,,„ due to the current leaving the muscle 
to flow through mdiflerent tissues (Biedermann) 

a summation of effect, the contraction due to the second 
stimulus being piled so to speak on the top of the first con¬ 
traction. That a maximal twitch is not as high as a tetanus, 
the product of summation of many twitches, is due to the 
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fact that the relaxation processes of a muscle begin before 
it has tiTUfl to overcome the inertia of the mass moved, and 
so aeoomphsh its maximum shortening. If therefore we 
support the muscle in any way, whether by screwing up the 
lever (after-loading) or by sending in a previous stimulus, the 
contraction due to a stimulus will be more pronounced, until 
the shortening of the muscle attams that observed in tetanus. 
For the same reason the height of a single twitch in relation 
to a tetanus of the same muscle increases as we slow the 
contraction, until, with a prolongation such as is produced by 
veratrin, there is no difference at all between the height of 
a Tnfl.TiTnn,1 eingle contraction and the height of a tetanus 
(Fig. 63, p. 143). 


Fio 69. 



Contractions of a tog’s muscle Two single twitches aie followed 
by a tetanus, which is almost twice as high as a single contrac¬ 
tion After two more single twitches, the drum was made to 
rotate more slowly, and single shocks employed, at the same time 
as the ‘ after-loadmg ’ was contmually increased It can be seen 
that the curve obtained in this way is as high as the original 
tetanus (v !Prey) 


These considerations would lead us to expect no trace of 
any process analogous to summation of contraction in the 
slowly moving smooth muscle. In the heart muscle this is 
the case, no increase in the height of a contraction being 
produced by sending in one, two, or more shocks in quick 
succession. When however we record the contractions of a 
muscle, such as the retractor penis, which is more closely 
under the control of the nervous system, and excite with a 
series of induction shocks, we get results which at first sight 
are exactly analogous to the summation of contiaction in a 
voluntary muscle. It may be noticed however that the first 
three or four stimuli are ineffective, and that there is in this 
case a summation before any contraction has occurred, a 
snmrmtion of stimuli. Each stimulus m fact alters the state 
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of the contractile tissue and makes it more ready to respond 
to the next stimulus, so that the stimuh become more and 
more effective. If time is allowed for the muscle to relax 
between successive stimuh, this summation is evidenced by 
a continually increasing height of contraction, the so-called 
‘ staircase.’ It will be remembered that the same initial 
increase of effect was observed when voluntary muscle was 
excited by continually recurring stimuli («. Fig. 62, p. 141). 

We shall meet with other examples of this summation of 
stimuli when dealmg with the j)hysiology of the central 
nervous system. It is indeed a fundamental phenomenon in 
the physiology of excitation. 


Chemical Stimulation 

Strong salt solution excites contractions just as in the case 
of skeletal muscle. Many drugs such as physostigmin, ergot, 
lead salts, digitalis, may act directly on smooth muscle and 
cause contraction. As one would expect however from the 
greater independence of the smooth muscle, the action of 
these drugs varies from organ to organ, muscle-fibres, which 
apparently are histologically identical, reacting diversely 
according to their origin. 

Mechanical Stimulation 

Smooth muscle may react to a local pinch or blow with a 
local or a general (propagated) contraction. The most impor¬ 
tant form of mechanical stimulation is that produced by ten¬ 
sion. The effect of increasing the tension on smooth muscle 
may be twofold : causing in the first place relaxation and in 
the second excitation with increased contraction. These two 
effects may be illustrated by taking the case of the bladder. 
If this viscus (which is surrounded by a complete coat of 
smooth muscle) has all its connections with the central nervous 
system severed, it is when empty in a state of tonic contraction. 
If flmd be injected into it rapidly there is a great rise of 
pressure in its cavity, due to the forcible distension. If how¬ 
ever the fluid be injected slowly the bladder muscle relaxes to 
make room for it, so that a considerable amount of fluid may 
be accommodated in the bladder without any great rise of 
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preesure. Tliis proceas of relaxation has however its limit. 
If the injection of fluid be continued, the walls begin to be 
stretched passively, and this increased tension acts as a 
stimulus causing maiked rhythmic contractions of the whole 
bladder. 

In the same way the response of a smooth muscle to an 
electrical stimulus is much increased by previous increase of 
the tension on the muscle-fibres. 


Propagation of the Excitatory State, or Wave of 
Gontraction 

In the case of voluntary muscle we have seen that, on 
stimulating any part of a muscle-fibre, a wave of contraction 
is started which travels to each end of the fibre, but no further. 
There is no propagation from muscle-fibre to muscle-fibre, the 
synchronous contraction of the whole muscle being brought 

Fig 70 
A 

HI 

10 

• L 

about by simultaneous excitation of all its fibres. This isola¬ 
tion of the excitatory state is not found in smooth muscle. A 
stimulus applied to any part of a sheet of smooth fibres may 
travel all over the sheet just as if it were a single fibre. It 
seems probable mdeed that there is protoplasmic continuity 
by means of fine bridge-like processes between adjacent muscle- 
cells. And even in the absence of such bridges, the propaga¬ 
tion of the contraction could be easily accounted for. Although 
in the case of voluntary muscle the rule is isolated contraction, 
yet a veiy small change in the muscle, such as is produced 
by partial drying or by pressure, is sufficient to cause the 
contraction to spread from one fibre to another. Indeed by 
clamping two cm’arised sartorius muscles together, as in the 
diagram (Fig. 70), it is found that stimulation of the muscle 
A causes contraction of the muscle b. The current of action 
of A in this case has served to excite a contraction m b. 
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It must be remembered that in all nnstnated nmsole the fibres are sur¬ 
rounded by a network of non-medollated nerve-fibres. Some physiologists 
aie inolined to asoribe to these fibres an important part m the propagation 
of the oontraotion wave In the ease of the heart muscle however, it can 
be shown almost oonolusively that the propagation takes place indepen¬ 
dently of nerve-fibies, and probably the same is kue for oertain involuntary 
musrles 


Influsnce of Temperature 

Smooth muscle is extremely susceptible to changes of 
temperature; we may say as a rule that warming causes 
relaxation, while apphcation of cold causes a tonic contraction. 
The condition of the muscle at any given time does not depend 
only on its actual temperature but also on the rapidity with 
which this temperature has been reached. Thus a rapid 
cooling of the retractor penis muscle of a dog from 85“ to 25“ 
may cause a contraction as extensive as would be j)roduced 
by a slow coohng to 6“ 0. On wanning a muscle from 80“ to 
60“ 0. it lengthens gradually up to about 40“, and it may then 
undergo a marked heat contraction (varying in degree in 
different muscles) at about 60° C. which may jDass off at a 
somewhat higher temperature. It is killed somewhere between 
40“ and 60“ C. It seems very doubtful whether any true 
rigor mortis occurs in smooth muscle. The hard contracted 
appearance of the smooth muscle in a recently dead animal' 
IS chiefly conditioned by the fall of temperature. On eTmain g 
the muscle and warming it up again to body temperature, it 
may again relax and show signs of irritabihty two or three 
days after the death of the animal. Different smooth muscles 
however vary very much in then.’ tenacity of life. 


Double Imiervahon 

We have seen that voluntary muscle is absolutely depen¬ 
dent for its activity on the central nervous system. Cut off 
from this it is flabby and motionless. Its sole function is to 
contract efficiently and smartly on receipt of impulses arriving 
along its nerve. It is only necessary therefore that these 
impulses should be of one character—motor, and we know' 
that each fibre of a muscle, such as the sartorius, receives one 
efferent nerve-fibre terminating in an end-plate 

In the case of smooth muscle however we have a tissue 
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which has an activity and reactive power of its own, and apart 
from its innervation may be at one time m a state of relaxation, 
at another in a state of tonic contraction. In order therefore 
that the central nervous system should have efficient contiol 
over such a tissue, it must be able to influence it m two direc¬ 
tions : it must be able to mduce a contraction or increase a 
contraction already present, and it must also be able to put 
an end to a-spontaneous contraction, to induce relaxation. 
In order to carry out these two effects, smooth muscle receives 
nerve-fibres of two kinds from the central nervous system, 
one kind motor, analogous to the motor nerves of skeletal 


Fia 71 



Traoing from reti aotov jpams muscle of the dog, showing length¬ 
ening (inhibition) on stimulation of tlie neiwus erigens, and a 
smart contraction on stimulating the pudic (motor) neive (Move¬ 
ments of muscle reduced }) 

muscle, the other kind inhibitory, ca-usiiig relaxation or cessa¬ 
tion of a previous contraction. All these fibres belong to the 
visceral or 'autonomic* system. They aie connected with 
ganglion-cells in their course outside the cential nervous 
system, and their ultimate ramifications in the muscle are 
always non-medullated. A typical tracing of the oiiposite 
effects of these two sets of nerves is given in Pig. 71. 

In the mvertebrata many ‘voluntary’ stiiated muscles piohnbly possess 
a double innervation Thus in the ciayfish, the adductoi muscle of the claw 
consists of striated muscular fibies, every fibre of which is supplied with 
two Mnds of nerve-fibies By exciting these fibres one may get, nccoiding to 
the conditions of the experiment, either contraction of a lelaxed muscle or 
relaxation of a tonically oontiaoted muscle (Pig 72) 











THE OOSTTEAOTILE TISSUES 


167 


Amcbboid Motbmbnt 

We have already deecribed amoBboid movement as seen 
in the amoeba and the white blood-corpuscles. It only 
remains to enumerate the chief factors that induence its 
activity. 

Amoeboid movements can ocem* only within certain hmits 
of temperature (about 0° 0. to 40°); within these limits it is 
the more active the higher the temperature. At about 46° 
the cell goes into a condition resembling heat rigor. 

The fluid m which the corpuscles are suspended is of 
great importance. Distilled water, almost all salts, acids 

' Fia 72 



Tracing of oontiaotion of adductor muBcie of claw of ciayfish, 
ehowing inliibition lesultmg from stimulation of its nerve 
(at b) by means of a constant ounent. The break of the 
cunent causes a second smaller inhibition (Biedermann ) 


and alkaliesj if strong enough, stop the action and kill the 
cell. 

The movements are also stopped by COj or by absence of 
oxygen. 

Artificial excitation, whether electrical, chemical, or ther¬ 
mal, causes universal contraction of the corpuscle, which 
therefore assumes the spherical form 

Ciliary Movbmbht 

Ciha are met vith in man in nearly the whole of the 
respiratory passages and the cavities opening into them, in 
the generative organs, in the uterus and Fallopian tubes of 
the female, and the epididymis of the male, and on the 
ependyma of the central canal of the spinal cord and its 
continuation into the cerebral ventricles. 
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The cilia (Fig, 73) are delicate tapering filaments which 
project from the hyahne border of the epithelial cells. There 
are about twenty or thirty to each cell. The hyaline border 
is really made up of the enlarged basal poitions of the ciha. 

In action the ciha bend suddenly down into a hook or 
sickle form, and then return more slowly to the erect position. 
This movement is repeated many (twelve to twenty) times 
a second, and thus serves to move forward mucus, dust, or 
an ovum, as the case may be. The movement seems to be 
entirely automatic, and it is quite unaffected by nerves, at 
any rate in all the higher animals. 



There is however a functional connection between all the 
cells of a ciliated epithelial surface, so that movement of 
the cilia, staited m one cell, spreads forward as a wave, just 
as, when the wind blows, waves of bending pass over a field 
of corn. 

The conditions of ciliary action are exactly the same as 
those for amoeboid movement of naked cells. 

The minuteness of the object has, up to now, prevented 
us from deciding whether the cilium is itself actively con- 
tiaetile, or whether it is simply passively moved by the 
action of the basal part situated m the hyaline border of the 
cell. 
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CHAPTEE V 

NEEVE-PIBRES (CONDUCTING TISSUES) 

Section 1 

GENEEAL PEOPBETIE8 OE NEEVE-FIBEE8 

In the last chapter we studied incidentally some of the 
functions of nerve-fibres. We found that, when we stimu¬ 
lated the nerve of a nerve-muscle preparation at any part 
by electrical, thermal, or mechanical means, the stimulus was 
followed, after a very short interval, by a contraction of the 
muscle. This observation illustrates the two functions of 
nerve-fibres, irritability and conductivity,—that is to say, 
a suitable stimulus can set up changes m any part of the 
nerve, which are transmitted down the neive without any 
visible effects occuiTmg in it; and it is not until this nervous 
change has reached the muscle that a visible effect takes 
place in the shape of a contraction. Now in the human 
body a direct excitation of the nerve-fibre in its course never 
takes place under normal circumstances. The only function 
the nerve-fibre has to perform is that of conducting impulses 
from the sense organs at the periphery to the central 
nervous system, and efferent impulses from this to the 
muscles and others of its servants. Hence it is absolutely 
essential that there should be vital continuity along the whole 
length of the fibre. Damage to any part of it, such as by 
crushmg, heat, or any other injuiious condition, mfallibly 
causes a block to any unpulse. 

It was pointed out in the intioductory chapter that a 
nerve-fibre is essentially a long piocess or arm of a nerve¬ 
cell. The cells may either be situated on the surface of the 
body or, as in most cases in the higher animals, they may be 
withdiawn from the surface to form special collections of 
cells such as the posterior root ganglia, or a whole mass of 
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cella and interlacing processes making up a central nervous 
system. Although all nerves are alike in possessing as their 
conducting part the continuous strand of protoplasm produced 
from the nerve-cell, they develop in the course of growth 
certain histological differences, which appear to bear some 
relation to the natui'e of the processes they conduct or to the 
character of their parent-cell. Thus all the fibres which are 
given off from and which enter the central nervous system, 
i.e. th6 brain and spinal cord, belong to the class known as 
medullated. In this type the conducting core or axis-cylinder 


Pig 74. 



Thiee mecliiUaled and two non-medullated nerve-fibres, n, node 
of Ranvier (from Yeo) 


is surrounded with a layer of apparently insulating material 
known as myelin, forming the medullary sheath, or the sheath 
of Schwann. This sheath consists of a fatty material com¬ 
posed largely of lecithin, and staining black with osmic acid, 
Buppoited apparently in the interstices of a network formed 
of a horny substance known as neurokeratin. The medul¬ 
lary sheath is surrounded by a structureless membrane, the 
primitive sheath or neurilemma. At regular intervals a break 
occmrs in the medullary sheath, the neurilemma coming in 
close contact with the axis-cylinder. This break is the node 
of Eanvier, the intervening portions of medullated nerve being 
the internodes. In each mtemode, lying closely mider the 
neurilemma, is an oval nucleus embedded in a little granular 
protoplasm. The medullated nerve-fibres vary considerably 
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in diameter, the largest fibres being distributed to the muscles 
and skin, the smallest carrying impulses from the central 
nervous system to the viscera. The latter class all come to 
an end in some collection of ganglion cells of the sympathetic 
cham or peripheral ganglia, the impulses being carried on 
to their destination by a fresh relay of non-meduUated nerve- 
fibres. 

The non-medullated fibres differ from the medullated 
simply in the absence of a medullary sheath. They possess, 
in many cases at any rate, a primitive sheath, under ■which we 
find nuclei lying closely on the side of the fibre and bulging 
out the sheath. In their ultimate ramifications they tend to 
form close networks or plexuses and appear to lose the last 
traces of a sheath. 

The medullated nerves are bound together by conneotivo 
tissue (endoneurium) into smaU bundles, which are again 
united by tougher connective tissue into larger nerve-trunks. 
These fibres as a rule branch only when m close proximity to 
their destination, and then the branching always occurs at 
a node of Ranvier. 
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Sboxion 2 

PROPAGATION ALONG NERVE-FIBRES 

The velocity of propagation along a i^erve-fibre may be 
measured, although m early tunes it was thought to be as 
instantaneous as the lightning flash. To measure the velocity 
of propagation m a motor neive, a frog’s gastrocnemius is 
prepared, with a long piece of sciatic nerve attached. The 
muscle IS arranged (Fig. 76) so that its contraction may be 


Fia 76 



Diagram of arrangement of experiment for the determmation of the 
velocity of tranemisBiou of a motor impulse down a neive The 
battery cuiient passes thiough the primary ooil of the mduotoiium 
0, and a ‘ bok over ’ key h By means of the switch S, the break 
shook in the secondary circuit can be sent thiough the nerve n, either 
at b, 01 at a The muscle m is arranged to write on the blackened 
surface of a tugger or pendulum myogiaph, and is excited durmg 
the passage of tne recoiding sm*faco by the automatic opening of 
the key h (The time-marker is not shown) 


recorded on a rapidly moving surface, on which are also re¬ 
corded, by means of electro-magnetic signals, the moment at 
which the stimulus is sent into the nerve, and also a time¬ 
marking showmg Tracings are now taken of the 

contraction of the muscle : first, when the nerve is stimulated 
at its extreme upper end, secondly, as close as possible to 
the muscle. It will be found that the latent period, which 
elapses between the point at which the stimulus is sent into 
the nerve and the point at which the lever begins to use, is 
rather longer m the first case than in the second. The 
difference m the two latent periods gives the time that it has 
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taken for the nervous impulse to travel down the length of 
nerve between the two stimulated points. Calculated in this 
way, the velocity of propagation m frog’s nerve is about 28 
metres per second. 

The velocity of propagation in sensory nerves is more 
difficult to determme, owing to the fact that a sensory impulse, 
on arrival at the receiving organ— i.e. some part of the cential 
nervous system—does not at once give rise to some definite 
recordable mechanical change, such as a muscular contraction. 
There is another method of determinmg the velocity of conduc¬ 
tion, which may be used also with sensory fibres. The pas¬ 
sage of a nerve-impulse down a nerve, just as the passage of 
a wave of contraction along a muscle-flibre, is immediately 
preceded or accompanied by an electrical change, which also 
travels along the nerve as a wave of ‘ negativity.* The velocity 
of propagation of this wave may be measured, and is found 
to give the same numbers as the velocity determmed by the 
preceding method. 

The existence of this electrical change enables us to show 
that a nerve-impulse, excited at any point m the coui’se of a 
nerve-fibre, travels ‘Ui both directions along the fibre. The 
power of nerves to transmit impulses in either direction is 
shown further by the experiment known as Kuhne's gracilis 
experiment. The gracilis muscle of the frog is separated into 
two portions by a tendmous intersection, so that there is no 
muscular continuity between the two halves. The nerve to the 
muscle divides into two branches, one to each half, and at 
the pomt of junction there is division of the aMs-cylindcrs 
themseloes. It is found that if the section a m the diagram 
(Fig. 76), which is qmte isolated from the rest of the muscle, 
be stimulated, as by snipping it with scissors, the whole 
muscle contracts. If however the portion of the muscle which 
is free from nerve-fibres be stimulated m the same way, the 
contraction is limited to the fibres directly stimulated, show- 
mg that in the first case the stimulus excited nerve-fibres 
which transmitted the impulse up the nerve to the point of 
division and then down again to the other half of the muscle. 
Smce nerves have this power of conduction mboth duections, 
it might be thought that a single set of iierve-fibres might 
very well subserve both afferent and efferent functions, at 
one time conductmg sensory impulses fi om periphery to cord, 



164 


PHYSIOLOaY 


at another^ time motor impulsee from cord to muscles. But 
this IB not the case. As a matter of fact we find m the body 
a marked differentiation of function between various nerve- 
fibres. 

We have already mentioned the division of nerves into 
afferent and efferent, and we find further that each of these 
afferent or efferent fibres has its own proper impulses to con¬ 
duct, and conducts only these impulses. Thus some fibres m 
the anterior spmal roots conduct ordinary motor impulses to 
muscles, others impulses causing contraction or relaxation 
of the muscular walls of arteries, or which quicken or slow 


Fig 76. 



Kiiline’s giaoilis experiment 


the contractions of the heart. We shall retmm to this ques¬ 
tion of restricted function of nerve-fibres under the heading 
of ‘Muller’s law of specific irritability * when we come to tieat 
of the special senses. 

The rate of jiropagation of a nervous impulse is quickened 
by heat (up to about 38® C.) and slowed by cold. At a little 
over 0° C. the rate in frog’s nerve is only about one metre per 
second. 


Events accoynpanying the Passage oj a Nervous Impulse 

In muscle we saw that the passage of an excitatoiy wave 
was accompanied or followed by electrical changes, production 
of heat, and mechanical change, all pointing to an evolution 
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of energy from the explosive breaking down of contractile 
material. 

In nerve however, which serves merely as a conducting 
medium, we should not expect so much expenditure of energy, 
or in fact any expenditure at all. All that is necessary is 
that each section of the nerve should transmit to the next 
section just so much kinetic energy as it has received from 
the section above it. And experiment bears out this con¬ 
clusion. The most refined methods have failed to detect the 
slightest development of heat in a nerve dm'ing the passage of 
an excitatory process ; and we know already that there is no 
mechanical change in the nerve. The only physical change 
m a nerve under these circumstances is the development of 
a current of action. A nerve becomes, when excited at any 
point, negative at this point to all other parts of the nerve, 
and, just as in muscle, this ‘negativity ’ is propagated in the 
form of a wave in both directions along the nerve. 

That the excitatory process m nerves is probably accom¬ 
panied by certain small chemical changes is indicated by the 
facts that, in the complete absence of oxygen, the nerve fibres 
lose their irritability, and that this loss of irritabihty is 
hastened by repeated stimulation of the nerve. When the 
u'l'itability has been abolished by stimulation in the absence 
of oxygen, it may be restored within a few minutes by re- 
admmistration of oxygen to the nerve. 

If we connect a galvanometer to two pomts of an uninjured 
nerve, no current is observed, all points of a living nerve at 
rest being iso-electric. On making a cross-section of the 
nerve at one leading-off point, a cm'rent is at once set up, 
which passes from the surface through the galvanometer to 
the cross-section. This is a demarcation current, set up at 
the junction between living and dying nerve. It will be 
noticed that this current rapidly diminishes in strength and 
finally disappears, owing partly to the fact that the dying pro¬ 
cess started in the nerve by the section extends only as far as 
the next node of Banvier and there ceases, so that after a 
short time the electrode applied to the cross-section is simply 
leading off an intact living axis-cylinder through the dead 
portion of the nerve, which acts as an ordinary moist con¬ 
ductor. On making a fresh section j'ust above the previous 
one, the process of dying is again set up, and the demarcation 
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current is restored to its original strength. If, while the 
demarcation current is at its height, we stimulate the other 
end of the nerve with an interrupted current, the needle of 
the galvanometer swings back towards zero, %,e. there is a 
negative variation of the resting current. 

In order to demonstrate the wave-like progression of the 
electrical change from the excited spot along the nerve, it is 
necessary, as in the case of muscle, to make use of the repeat¬ 
ing rheotome or of a very sensitive capillary electrometer. It 
is then found that the change progresses along the nerve at 
the same rate as the nervous impulse, i.e, twenty-eight to 
thirty-three metres per second. But it lasts only an extremely 
short interval of time at each spot, viz. six to eight ten-thou¬ 
sandths of a second. Thus the length of the excitatory wave 
in nerve is about 18 mm. 
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Section, 8 

EXCITATION OF NEEVES 

We must notv study more fully the changes which take 
place in a nerve during the passage of a current through it, 
and the manner in which these changes are able to generate a 
nervous impulse. Under normal circumstances, if a constant 
current be passed through the nerve of a nerve-muscle pre¬ 
paration for a short time, the muscle responds only at the 
make and the break of the current, remaming perfectly 
quiescent all the time the current is passing. If the nerve be 
m a very excitable condition, it is possible that the muscle 
may be thrown into a tetanus orcontinued contraction during 
the whole time that the current is passing (closing tetanus). 
On the other hand, if a strong ascending current be passed 
through the nerve for a considerable time, the muscle when 
the current is broken may go into continued contraction, 
which may last some time. Normally however the muscle 
simply responds with a single twitch at the make and break 
of the current; although, on investigating the condition of 
the nerve during the passage of the current, we find that it is 
considerably modified. 

This modification in the condition of the nerve is spoken 
of as electrotonuSy and includes changes in its irritability and 
its electrical condition. 

To mvestigate these changes the following apparatus is 
necessary:—two constant batteries, induction coil, a reverser 
and keys, a pair of non-polansable electrodes, and a pair of 
ordinary platinum electrodes. Fig. 77 represents roughly 
the arrangement of the experiment. A constant current 
from the battery is led through a part of the nerve by means 
of non-polarisable electrodes, which are about one inch apart. 
In this circmt we put a reverser, by means of which the 
direction of the current of the nerve may be changed at will, 
and a key to make or break the curient. This is the polaris¬ 
ing circuit. The other battery is arranged in the primary 
circuit of the coil, a key being interposed, so that we may use 
make or break induction-shocks, which are applied to the 
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nerve by means of the small platinum electrodes. The 
tendon of the muscle is connected by a thread with a lever, 
which is arranged to write on a smoked surface, so that the 
height of the contraction can be recorded. 

We first find the position of the secondary coil, at which 
the break induction-shock is a submaximal stimulus, and we 
employ this strength of stimulus throughout the experiment. 
The make induction-shock is prevented from acting on the 
nerve by closing a short-ohcuitmg key m the circuit of the 
secondary coil. The nerve is now stimulated at various 
points with a single break induction-shock, and the con¬ 
tractions recorded. The heights of these contractions serve 


Fia 77 



Arrangement of apparatus foi showing eleotrotonic changes in 
irritability e. Exciting current p Polarising ciiouit r Pobl’s 
rovorsei 

to indicate the irritability of the nerve at the point stimu¬ 
lated, We now throw the polarismg current into the nerve 
At tlie make of this current the muscle will probably lespond 
with a twitch which is not recorded. We then test once 
more the irritability of different points of the neive, and we 
find that, when the stimulus is applied near (a) the point 
where the current enters the nerve (anode), the stimulus, 
which before gave a moderately large contraction of tlie 
muscle, now has either no effect or else produces a very 
weak contraction. On the other hand, m the region of the 
kathode the stimulus, which before was submaximal, has 
now become maximal, as is shown by the increase in the 
height of the contraction evoked by the induction-shock. 

We now reverse the direction of the polarismg current, 
so that the current of the nerve runs from (k) to (a). With 
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this reversal of current there is also a reversal of the changes 
in the nerve; that is to say, the normally submaximal 
stimulus IS maximal when applied near (a), and mmimal 
■when applied near (k). On break of the polarismg cuiTent 
the condition of the nerve returns to normal, and the sub- 
maximal stimulus is once more submaximal throughout. 

This retain to normal oonditiona howevei is not immediate, since the first 
effect of breaking the current is a swing back, so to speak, past the normal, 
the dimmished irritability at the anode giving place to an inci eased uTitability, 
which only gradually subsides In the same way, immediately after the 
polonsing cunent has ceased to flow, the neighbourhood of the kathode 
acquires a condition of diminished irritability, and this only gradually gives 
place to a normal condition. 

This experiment teaches us that, when a constant current 
IS passed through a nerve, there is increase in the irritability 
in the nerve near the kathode, and a diminution in muta¬ 
bility near the anode. These conditions of increased and 
diminished irritability are spoken of as hatelectrotonus and 
anelectroto7ms respectively. In the previous chapter we 
learnt that a make contraction always starts from the 
kathode, and a break contraction from the anode. Now 
the event that takes place at the kathode on make and at 
the anode on break of a constant current is, as the last 
experiment shows us, a rise m irritability, in the former 
case from normal to above normal, in the latter from sub¬ 
normal to normal. Hence we may say that the excitation 
is caused by a sudden rise of irritability, which may be due 
either to a sudden appearance of katelectrotonus, or a sudden 
disappearance of anelectrotonus. I have said sudden, be¬ 
cause the steepness of the rise of irritability is a necessary 
factor in causing excitation. If the polarising current passing 
through a nerve be slowly and gradually increased to con¬ 
siderable strength, it will give rise to no contraction. The 
degree of suddenness of the rise, which is most beneficial 
in causing contraction, varies with the nature of the tissue 
stimulated. Thus it is more rapid in nerve than in muscle, 
and in pale muscle than in red muscle, and in voluntary 
muscle than in unstriated muscle. 

It is evident that there must be, somewhere between the 
anode and kathode, an indifferent point—that is to say, a re¬ 
gion where the irritability is neither increased nor dimmished. 
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We find experimentally that this indifferent pomt is neaier 
the anode -when the polarising cm’rent is weak, and gets 
nearer to the kathode as the current is strengthened, so 
that with very strong currents nearly the whole intrapolar 


Fin 78 



Diagram to show the variations of in liability in a nerve dunng the 
passage of polanamg cunents of different strengths The degree 
of change is represented by the distance of the curves from the 
base line , the part of the curve below the line signifying decrease, 
that above the line %nci ease of irritabihty. A, anode; B, kathode, 

2 /„ effect of weak current, medium cmTent, strong cunent 
It will he noticed that the indifferent point, x, where the curve 
oroBSes the hoiizontal line, approaches neaiei and neaiei the 
kathode as the cunent is increased in strength (from Foatei, aftei 
Pfluger) 

length is in a condition of anelectrotonus (Fig. 78). When a 
strong polarising current is used, the depression of irritability 
at the anode is so marked that no impulse can pass this 
region Thus if we send a very strong ascending current 

Fig. 79 

ascending current 

^ ^ ma ke excitation blocked 

kath —at anode 


B 



break excitation at anode 
blocked at kathode 


Diagiam to show the blockmg effect of a strong constant cunent 
passed through the nerve of a nerve-muscle piepaiation 


through the neiTe, there is no contraction at make. This 
is owing to the fact that the impulse started at the kathode 
on make of the current cannot reach the muscle, its passage 
down the nerve being blocked m the region of the anode 
(Fig. 79, a). 
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The results of stimulating motor nerves by means of constant currents 
weie studied by Pfliiger and, embodied in a table, make up what is kno^?n as 
Pflilgei’s law The lesult of stimulation vanes with the sti’ength of a 
current 

Law of Contrackon 


Strength of oarrent ABcefOcUng DefWJenilliig 



Make 

Break 

Make 

Break 

Weak 

0 

0 

c 

0 

Medium 

. 0 

0 

0 

c 

Strong 

0 

Oor T 

Ooi T 

0 


c = conti action. 0 = stiong contraction T = tetanus 0 = no effect. 


With the weakest cunenis, excitation occuis only at moke, since a mnke- 
stimulus, i.e the nse of kateleotrotonus, is always moie effectual than a break- 
stimulus, %.e the disappearance of aneleotrotonus With currents of model ate 
strength, excitation oocuis both at make and break, being better marked at 
make, especially in the case of descending currents With very strong eunents, 
we get a conti action at make only when the cunent is descending, since, when 

Fig 80. 



Arrangement of experiment to demonsti*ate Pfliiger’a law 
of contraction 

the cnnent is ascending, the excitation started at the kathode cannot pass the 
block at the anode For the same reason a break contraction is obtained only 
with an ascending cunent, since at the break of a descending current there 
IS a swing-back of the nerve at the kathode to a condition of diminished 
irritability, which effectually blocks the excitation started higher up the ner^e 
at the anode 

The ariangement of the expeiiment for demonstiating Pfliiger’s law is 
shown in Fig 80 The stiength of the cniTent is graduated by mefins of the 
rheoohord, the current being led into the nei\e by means of non polaiisable 
electrodes. It is extremely impoitant in these experiments to avoid any 
injury oi drying of the neives at either of the two electrodes, since the excita¬ 
tory effect either at make or bieak would be abolished by local injury 
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These results, worked out chiefly on motor nerves, have 
been confinned as far as possible experimentally on sensory 
nerves, and on muscle and contractile tissues generally, and 
probably hold good for all irritable living tissues. 

It is said that an anelectrotonus takes some time to attain 
its full height, and a katelectrotonus reaches its maximum 
almost directly after the current is made. Hence a current of 
very short dm'ation probably excites only at the make, the break 
occurring before the anelectrotonus is developed enough for 
its disappearance to cause a stimulus. Thus induction-shocks 
(both make and break) may be looked upon as make-excitations, 
the excitation however being stronger in the case of the break 
induction-shock than in that of the make. 

Other things being equal, a current of given strength causes 
a stronger excitation the greater the length of nerve that 
it flows through. It must be remembered however that the 
nerve offers considerable resistance to the passage of the 
current, and so, to keep the current constant while increasing 
the length of intrapolar nerve, we must largely increase the 
electromotive force employed. 

A very conYBiiieiit method of showing the effect of the length of intr^polai 
nerve on excitation liaa been suggested by Gotch. The two sciatic nerves of 
a frog ore dissected out, one of them being in connection with the gastioonemms 
These are first arranged as in Pig 81 a (p 173) a, 6, and c are thiee non-polaris- 
able electrodes, tlie terminals of a constant battery being connected to a and c. 
The position of the ridei on the rheoohoid is then ascertained at which make 
of the ciurent just excites oontiaction. m the muscle of neive 2, the ounent m 
this case passing from a to b along nerve 1, and from 6 to c along a small 
piece of nerve 2 We will suppose that eleven units oC cunont are necessary 
to produce excitation b is then withdrawn and the nerve 2 laid on a (Fig 81, d), 
so that the ounent can now pass from a to c entiiely thiough a long stretch 
of nerve 2 On again seeking the mmimal stimulus, it will be found that a 
smaller ouirent is sufficient to excite, contraction being obtained with seven 
units Since the length of nerve travel sed, and theiefore the lesistanoe to the 
ciurent, aiotho same in both cases, it is evident that a ounent is more effective 
the greater the length of excited nerve that it travelses 

A nerve cannot be excited by currents passed transversely 
1 across it, since in such cases the anode and kathode lie so 
close to one another in a nerve-fibril, as it is traversed by 
a current, that their effects counteract one another. 



JSEETE-rrBEES (CONDTJOTIN& TISSUES) 


173 


Electrical Siwmli as ajiplted to Human Nerves 

When we attempt to apply the resultB gained on frog’s 
nerves to man, we are met at once by the difficulty that we 
cannot dissect out the nerves and apply stimuh to them directly. 
So usually umpolar excitation is used, one electrode, either 
anode or kathode, being applied to the nerve to be stimulated, 
and the other to some indifferent point, such as the back. It 
IS evident under these circumstances that the current is con¬ 
centrated as it leaves the anode and reaches the kathode, and 


Eio. 81 





Diagram of aiiongement of experiment for investigating the 
influence of the mtrapolar length of neive on the exoitatoiy 
effect of the ounent 


diffuses widely in the body, seeking the lines of least resistance. 
Thus it IB impossible to get puie anodic or kathodic effects. 
If the anode be applied over the nerve, the current enters by 
a series of points (the polar zone), and leaves by a second 
senes (the peripolar zone). The polar zone will thus be in the 
condition of anelectrotonus, and the peiipolar zone in that 
of katelectrotonus. The current however will be more con¬ 
centrated at the polar than at the peripolar zone, and so 
the former effect will predominate. These restrictions in the 
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application of the current cause slight apparent irregularities 
in the law of contraction as tested on man. 


Other Methods of Stimmlation 

1. Thermal. If the temperature of a nerve be gradually 
raised, no effect is noticed till about 40 ’ G. is reached, when 
the muscle may enter into weak quivering contractions. 
Sudden warming of the nerve always gives rise to excitation. 
At about 46° G. the nerve loses its irritabihty and dies. 

A nerve may be rapidly cooled without any excitation 
takmg place. At about 0° G. the conductivity of mammalian 

Fia. 82 . 







Electrodes appUed to the skin over a nerve-tiimk In a. the-polar aiea 
IB aneleotrotonic and the peripolar katelectiotoiiio The fonnei 
condition therefore pieponderates, sinoe the ouiiont hoie is nioio 
concentrated In n the conditions are leveised, the polai zone 
GorreBpondiDg m this case to the kathode. (Wallei) 


nerve-fibres is absolutely abolished, and hence this method of 
coolmg IB of great value when it is required to divide a nerve 
physiologically without excitmg ifc. 

2. MechanicaL A nerve may be excited by crushing or 
cutting. These methods however destroy the nerve. It is 
possible to excite a nerve mechanically, without any serious 
injury to it, by carefully graduated taps, and this method has 
been used m investigating the phenomena of electroionus. 

3. Chemical. All chemical stimuli applied to the nerve 
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have a speedy effect in destroying its irritability. The che¬ 
mical stimtili most used are strong salt solutions, glycerin, or 
weak acids. If any one of these be applied to a motor nerve, 
the muscle enters mto an irregular tetanus, which lasts till 
the irritability of the nerve is destroyed at the part stimulated. 
It is thus evident that we are justified in our choice of electrical 
stimuli in all ordinary experiments on nerves. 

I7ie Energy involved %n tlie Excitation of a Nerve 

We have hitherto only considered electrical stimulation by means of a con¬ 
stant current or an mduced ounent It is possible however to stoie up a 
oertom quantity of electricity m a condenser and then to exoite a neiwe by dis-" 
charging the condensei thiongh it ^ The arrangement of suoh an experiment 
ifi shown m Fig. 83 By means of the s^vitoh S, the condenser can be put mto 

Fig. 83 


B 



Airongement of appaiatus foi the excitation of a neive by means of 
condenser dischaiges B, battery, iheochord; o, nder of rheo- 
ohoid, S, switch (Pohl’s leversei without oioss wiies); 0, conden¬ 
ser , n, nerve ; m, muscle, e, non-polansable electrodes 

connection eithei with the battery fiom which it lecoives its charge or with the 
neive through which it con discharge By knowing the capacity of the con 
densei and the electiomotive force by which it is chaiged, we con estimate the 
energy of the charge sent thiough the neive 

E (eneigy m eigs) ® = 6 FV® 

(F - capacity in miorofaiads, V = electromotive foice m volts) 


^ For explanation of condensei see Appendix. 

® An erg is the amount of woik produced or energy expended by the action 
of one dyne through one centimetre 

A dyne is the force which will give to a mass of one gram an acceleration of 
one centimetre pei second per second. 
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In this way it has been found that tlie energy of minimal effective Btimulus 
for frog’s nerve is about 3 ;^ of an erg. 

Fiom wbat we have previously said about the relation of the rate of change 
of current to its excitatory effect, it is evident that the amount of energy neces¬ 
sary to excite the nerve wiU vary with the rate at which the condenser 15 allowed 
to discharge thi ough the nerve This rate can be modified by altermg the resist¬ 
ance m the discharging oirouit or by altering the electromotive force of the 
charge, and this method has been adopted by Waller m determmmg the so 
called ‘ characteriatlo ’ of nerve, viz. the rate of change at which excitation is 
obtained with a minimaL expenditure of energy. 
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Section 4 

THE CONDITIONS APEEOTING THE ACTIVITY 
OF NEEVE 

The Influence of FaUgue 

In the description of the phenomena of muscular fatigue 
given in the last chapter it was assumed that the muscle 
was being excited directly. The same phenomena are how¬ 
ever observed when the muscle is excited through its nerve, 
though in this case fatigue comes on much more quickly. If, 
after the muscle has been excited in this way until exhausted, 
it be excited directly, it will respond with a contraction 
nearly as high as at the beginning of the experiment. We 
see therefore that the nervous structures are more susceptible 
to the influences causing fatigue than the muscle itself, and 
it can be shown that the weak point in the nerve-muscle 
preparation is not the nerve, but the end-plates. In fact it 
is not possible to demonstrate any phenomena of fatigue in 
the nerve-trunk. This fact can be shown in mammals by 
poisoning the animal with curare, and then stimulating a 
motor nerve continuously while the animal is kept aKve by 
means of artificial respiration. As the effect of the curare on 
the end-plates begins to wear off in consequence of its excre¬ 
tion, the muscles supplied by the stimulated nerve enter into 
tetanus. 

The same fact may be shown on the excised nerve-muscle 
preparation of the frog. The gastroenemii of the two sides 
with the sciatic nerves are dissected out, and an exciting circmt 
IS so arranged that the interrupted secondary currents pass 
through the upper ends of both nerves in series. At the same 
time a constant ceU is connected with two non-polansable 
electrodes [up, np) placed on the nerve of B, so that a current 
runs in the nerve in an ascending direiction. The effect of 
passing a constant current through a nerve is to block the 
passage of impulses through the part traversed by the current. 
When the constant polarising current is made, the muscle B 
may give a single twitch, and then remams quiescent. The 
exciting current is then sent through both nerves by the 
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electrodes and e^. The muscle A enters into tetanus, which 
gradually subsides owing to ‘fatigue.’ When A no longer 
responds to the stimulation, the constant current through the 
nerve of B is broken. B at once enters into tetanus, which 
lasts as long as the contraction did in the case of A, and 
gradually subsides as fatigue comes on. Since both nerves 
have been excited throughout, it is evident that the fatigue 
does not affect the nerve-trunk. We have already seen that 
a muscle will respond well to direct stimulation when stimula¬ 
tion of its nerve is without effect, and must therefore conclude 


Fig, 84, 



Ajrrangement of experuiient foi demonstrating the absenco of fatigue 
m meduUated neive-fibres eg, exciting cnouit, cr, poliiiising 
oironit 

that the first seat of fatigue is the junction of nerve and 
muscle, ^.e. the end-plates. 

In the nomal intact animal, the break m the neuin- 
muBCular cham which is the expression of fatigue occurs still 
higher up, i.e. m the central nervous system, and is probably 
due to some reflex mhibition of the central motor apparatus 
from the muscle itself. Thus after complete fatigue has been 
produced in a muscle so far as regards voluntary efforts, duect 
stimulation of the muscle itself or its neive will produce 
a contraction as great as would have been the case at the 
beginning of the experiment. 
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The E^eoi of Ir^ury—The Bitter-ValU Law 

The u'ritability of the nerve of a musole>nerve preparation 
IB not equal in all parts of its course, hut is greater at the 
upper end, probably in consequence of the proximity of the 
cross-section. 

Some time after a motor nerve__is divided, the increased 
irritability at the upper end gives way to a decreased irrita¬ 
bility, and this decrease goes on till the nerve is no longer 
excitable. The diminution iu excitability gradually extends 

Fig. 86. 



Tracing of muscle oontraotionB to show effect of cooling a nerve on its 
excitability The lower line mdicates the changes in temperature of 
the excited part of the nerve The muscle responded only when the 
nerve was cooled, the stimulus becommg meffectuaJ when the nerve 
,waB warmed (Gkitch). 

down the nerve-fibre, so that the part of the nerve nearest 
the muscle remains excitable the longest. This progressive 
change in the irritability of a nerve after section is spoken of 
as the Ritter-Valli law. It is soon followed by definite histo¬ 
logical changes in the nerve, which we shall describe later on 
(see Chap. XIV.). 

The Influence of Temperature 

The excitability of a nerve is, within certain limits, in¬ 
creased by cooling the nerve, and diminished by raising its 
temperature (Fig. 86).^ Thus, if a frog be cooled to 2*^ or 8° C. 

* This IS tiue foi all stimuli except mduotion-shooks and extremely short 
galvanic currents (less than 0 006 sec), with which the irritability of nerve is 
increased by warming and diminiBhed by coohng The some appears to be 
true for ventriculai cardiac muscle, but in the case of voluntary muscle the 
excitability for all forms of stimuli is increased by cooling. (Gotoh ) 
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for a day, it will be found that Bimple section of its sciatic 
nerve may sufi6.ce to send the gastrocnemius into continued 
contraction, and under these circumstances ' closing tetanus * 
may be obtained with the greatest ease. The opposite effects 
of cooling on the conductivity and excitability of nerves show 
that these properties are possibly independent, and are not 
affected by the same conditions. 

The Influence of Drugs 

The most important drugs with an influence on nerve- 
fibres are those belonging to the class of ansasthetics. Of 
these we may mention carbon dioxide, ether, chloroform, and 
alcohol. 

The action of any of these substances on the excitability and conductivity 
of a nerve may be studied by means of the simple appaiatna represented in 
Fig. 86 The nerve of a nerve-muscle pi eparation ih passed through a glass tube 


Fig 86. 



which is made am-tight by plugs of normal saline clay surrounding the nerve 
at the two ends of the tube By means of two lateial tubulures a cunent of 
OOfl, or air charged with vapour of ethei oi other naicotic, can bo passed through 
the tube The nerve is aimed with two pans of electrodes ^Yhlch aie stimu¬ 
lated alternately, the pair within the tube serving to test the action of the dreg 
on thefl 2 ;cl^ab^Z^^^, while the pair outside the tube shows the piesence or absence 
of any effect on lie cmiducting jpwer of the nerve below it 

Of the gases and vapours mentioned above, COj and 
ether both diminish and finally abolish the excitability and 
conductivity of the nerve-fibres. The conductivity however 
persists after all trace of excitabihty has disappeared, before 
in its turn being also abolished. On removing the gas or 
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vapour by blov'ing air over the nerve, the conductivity and 
excitabilily gradually return in the reverse order to their 
disappearance (Pig. 87). 

Alcohol is said to increase the excitability or leave it 
unaffected, while diminishing the conductivity of the nerve. 

Pi« 87. 



Tracing to show the effect of-ether on excitabihty and oondaotivity of 
nerve Nerve excited hy single induction<Bho(^B alternately within 
and above ether chamber. The vertical imes indicate contractions 
of the mnscle (gastrocnemma). The lower hne indicates the penods 
dnrmg which the nerve was exposed to the action of ether, a, dis¬ 
appearance of excitabiUty ; b, reappearance of exoitabzhty ; o, dis¬ 
appearance of conduotivity ; d, reappearance of oonductfmty. (From 
a kacing kmdly lent by Prof. Gotch) 


Chloroform rapidly abolishes both excitability and con¬ 
ductivity. It is a much more Severe poison than the drugs 
just mentioned, so that in many cases its effects are per¬ 
manent, and no, or only a very partial, recovery of the nerve 
is obtained on removal of the chloroform vapour from the 
apparatus. 
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Section 6 

POLAEI8ATION PHENOMENA IN NEEVE 

Eleotrotonic current .—In describmg the effects of the 
passage of a constant current through a nerve, we only 
mentioned alterations of irntabihty. There are however 
various other phenomena which are more purely physical in 
their nature. 

If a constant current be passed through a nerve-fibre 
through the electrodes (x) and (y)—(x) being the anode and 
(y) the kathode—and the extrapolar portions of the nerve 


Fin 88. 


a 



0 


d 



Diagram showing eleotiotonio currents. P, poliuismg ciicuit, 
G* G**, galvanometers. 


(ab, cd) be connected with galvanometers, it is foimd that tin* 
needles of both are deflected, and the direction of the deflection 
shows the existence of a current in the extrapolar portions of 
the nerve (a) to (b), and from (c) to (d). 

The galvanometeiB wiU mdioate, before the passage of the polaiismg ouricnt. 
the ordiWy demarcation eunent of the neive lesulting fioin the cross-scctiou 
at the upper end. This omient flows, m the outei circuit, fiom equatoi to cul 
end, and therefoie in the nerve-hbre from (a) to (b), and fiom (d) to (c) Tbt 
effect of olosmg the polaiismg ounent AVill be to inoieaso the ciuiont of rcttl 
between (a) and (b), and to dimmish that between (o) and (d) 

We thus see that the passage of a current through a part 
of a nerve gives rise to a current flowing through a consider¬ 
able portion of the nerve-fibre on each side of the polarising 
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current and in the same direction. This current is called 
the electrotonic current. It must not be confounded with 
the current of action, which originates at one of the poles, 
only at make or break of the current, and is transmitted 
thence m the form of a wave with a measurable velocity 
of about 80 metres per second. The electrotonic current 
is developed instantaneously, and lasts the whole time that 
the current is flowing through the nerve. Its production 
is dependent on the occurrence of polarisation between the 
sheathing and conducting part of the nerve-fibre and may be 
exactly reproduced on a model consisting of a core of zmc or 
platmum wire m a casing of cotton soaked with ordinary salt 
solution. Although thus physical in origin, its production is 
dependent on the vitality of the nerve, and so is not to be 
confounded with the simple spread of current. 


Fia. 89. 


L J 



c d 


Apparatus for 




e f 


Glass tube 

containing 0 6 % Na Cl 
j- Pt wire 


imitating the polarisation phenomenn, in medullatccl 
nerve (‘ Kemleiter ’ model). 


The polarisation phenomena resulting from the passage of 
a constant current through a medullated nerve can be studied 
on a model made up of a glass tube filled with normal salt 
solution, contaiuing a platmum or zinc wire stretched through 
it (Fig. 89). On leading a current through a and 6, and 
connectmg c and d with a galvanometer, a current wiU be 
observed m the extrapolar portion of the model m the same 
direction as m the intrapolar. That this spread of current is 
due to polarisation is shown by the fact that, if the model 
be made of zinc wire immersed in saturated zinc sulphate 
solution, where no polarisation can occur, the spread of 
current to the extrapolar area is also wanting. If we ex- 
nnne the phenomena takmg place at the anode, we see that a 
current passes here through an electrolyte to the conducting 
core. Every passage of a current through an electrolyte 
must be accompanied by dissociation, the current being carried 
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by the ions. We get therefore a movement of negative ions 
up into the electrode, and a deposition of electro-positive 
ions on the core (Fig. 90, a). In the same way at the kathode 
there will be a deposit of electro-negative ions on the core 
(Fig. 90, d), so we may say that the core is positively 
polarised at the anode and negatively polarised at the kathode. 


Pia. 90 



Diagiam to show polarisation at the suiface between conducting 
core and electrolyte sheath in a ‘ KemUiter,'* 

This polarisation, while opposing the primary current, will 
set up currents m the surroundmg electrolytic sheath, as 
shown by the arrows in Fig. 91, the cm-rent passing from 
a to 6 and from 6 to c in the electrolyte, returning towards a m 
the core. Hence if we lead off from the sheath in the neigh¬ 
bourhood of the anode from a and c, a current will pass in the 
galvanometer from a to c, that is, along the core in the same 
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Diagram to show polarisation currents m a ‘ JfomZoi/cr,’ or in a 
^ meduUated nerve 

direction as the intrapolar current. The same factors will 
jSouse an extrapolar current in the kathodic area, the katelec- 
trotonic current. 

It is evident that this polarisation will not disappear at 
once on breaking the polarismg current. The nerve or nerve- 
model will still be positively polarised at the anode and 
negatively polarised at the kathode. On connecting therefore 
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these two points with the galvanometer, we shall get a current 
in the opposite direction to the previous polarising current, 
viz. from anode to kathode (Fig. 92). This is the so-called 
negative polarisation of nerve. Similarly in the extrapolar 
regions of the nerve, we shall have currents in the seme 
direction as the previous polarising current, as shown by 
the arrows. So far then the nerve behaves exactly like the 



Fia. 92. 
Polarising 




Negative polarisation. 

Diagram to show direotion ol the negative polaiieation oniient. 


mechamcal model. If however we pass a very strong current 
through a nerve, and then quickly switch the nerve on to 
a galvanometer, we find a momentary current through the 
galvanometer m the same direction as the previous polarising 
current. This is known as positive polarisation of nerve. 
It is absolutely dependent on the living condition of the 
nerve, and is in fact an excitatory phenomenon due to the 
strong excitation which occurs at break of the current at the 



Fio. 98. 
Polarising 


Positive pofarlsatlofi 


Dia^am to show direction of the positive polarisation current, 
due to a bieah excitation at the anode. 


anode. Thus in the diagram (Pig. 93) a strong current is 
passing through the nerve from a to A. When this current 
is broken, excitation occurs, as we have already learnt, at the 
anode, and this excitatory state may, if the previous currents 
were strong, last two or three seconds. An excited tissue is 
however always negative towards adjacent unexcited tissue, 
and therefore if we connect a to It, there must be a current 
outside the nerve from k to a, and in the nerve from a to k, 
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viz. in ithe same direction as the polarising.current. We see 
therefore that negative polarisation is due to polarisation 
occurring between an electrolytic sheath and a conducting 
core, whereas positive polarisation is hardly a polarisation 
effect at aU but is a current of action. 

Paradoxical contraction .—If the sciatic nerve of a frog 
be dissected out, and one of the two branches into which it 
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Diagram of onangement for Bhowing paradoxical oontiaction 

divides be cut, and the central end of this branch stimulated, 
the muscles supplied by the other half of the nerve contract 
to each stimulus. Ligature or crushing of the nerve (x) 
between the pomts stimulated and the pomt which joins the 
Ttiftin trunk puts a stop to this effect, showmg that it is not 
due to a mere spread of current. The fibres passing down 
(n) are in fact stimulated by the eleotrotonio current developed 
in (x) during the passage of the exciting current. 
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THE NATUEB OE THE NEEVOUS IMPULSE 

It has been a subject of much debate what the exact 
nature of the nervous impulse really is, and how it is trans¬ 
mitted down the nerve. We have no other evidence of the 
passage of an impulse down a nerve than the current of action 
accompanying the impulse, and the result of the arrival of 
the impulse at the terminal organ, whether it be contraction 
of muscle, secretion of gland, or production of sensation in 
the central nervous apparatus. Smce all these effects may be 
produced by electrical stimulation of the end-organs them¬ 
selves, it has been thought that the wave of ‘ negativity ’ %s 
the nervous impulse; that is to say, that the current pro¬ 
duced in any given section of the nerve-fibre, when it is 
stimulated and so becomes negative, excites the adj’acent 
segments or molecules, causing them to become negative, and 
thus setting up another current of action, which iu its turn 
excites the molecules next in order; and that m this way 
the excitatory process travels the whole length of the nerve. 
A natural corollary of this view would be that the normal 
excitation of nerve-fibre m the brain or at the periphery 
is also brought about by electrical means. There are how¬ 
ever considerable difficulties in the way of accepting this 
hypothesis. Although we can to a great extent imitate the 
results of the natural excitation of nerve-fibres by artificial 
electrical stimulation, yet the phenomena in the two oases do 
not run exactly parallel, and many differences are found to 
exist between the two forms of stimulation. 

One of the most striking examples of this difference is 
the varying nature of the muscular contraction as produced by 
electrical stimulation or by natural (voluntary) stimulation. 
In dealing with the physiology of muscle, we saw reason to 
conclude that the natural contraction of muscle is a con¬ 
tinuous one, although our only certam way of producmg an 
approximate resemblance of such a contraction was by the 
use of discontmuous electrical stimulation. 
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An attempt has been recently made by Boruttaa to explain the neive- 
prooesB, not as a wave of electnoaJ change affecting the substance of the 
axis-cylinder itself, but as a propagated kateleotrotomc current This 
observer found that by working with a * platinum core model* Eemleit&r^) 
(Fig. 89) of considerable length, the kateleotrotomc current was developed 
at one end of the model some appreciable time after a current had been sent in 
at the other end, thus resembling a current of action. 

It IB however impossible to explain all the eleotrioal phenomena of nerve 
as due simply to polaiisation. We might go so far as to assume that the 
excitatory effect at the kathode is due to negative polarisation, and that ex¬ 
citation at break, at the anode, is caused by the sudden coming into 
existence of a negative polarisation current, but then it would be impossible 
to understand how the excitation, so produced at the anode, should give 
nee to a cmrent so much exceeding the current which produced it, that 
it would appeal in our external circuit as a current of positive polarisation 
We must m fact conclude that the axis-cylmder of the nerve is endowed 
with an energy of its own, which is let loose, so to speak, under the inffuence 
of chemical or eleotrioal changes, just as the energy of a oontraotmg muscle 
IS set free by the exertion of an infinitesimal force apphed as a stimulus. 
The nerve does not simply transmit the energy which is imparted to it, like 
a telegraph wire, but itself furmshes the energy of the descending nerve- 
process 

Agamst this view might be urged the absence of phenomena of fatigue m 
nerve, as showmg that nervous activity is not accompanied by any expenditure 
of energy or using up of material. But it must be remembered that this 
absence of fatigue holds good only for medullated nerve-fibres and is not 
foxmd in non-meduUated nerves, and even in^medullated nerves the persistence 
of initabihiy is dependent on the contmual supply of a certain small amount 
of oxygen It may therefore possibly be explamed by a continual process of 
restitution taking place at the expense of the sheath. Fatigue is absent, not 
because nothing is used up, but because the assimilative changes exactly 
balance and make good the dissimilation mvolved in the propagation of a 
nervous impulse 
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CHAPTER VI 

TEE VASCULAR UECEAEISBC 

Sbotion 1 

THE MECHANICAL PRINCIPLES OP THE 
CIRCULATION 

Structure and Properties of the Blood-vessels 

Wb have now to study more fully the manner in which 
the eontiauous circulation of the blood through the body is 
carried on. 

It will be remembered that the vapcnlar. . system consists 
of a closed, system, of tubes disidailinto two circuits, Io ioto 
respectively as the greater or systemic circulation, and the 
leaser or pulmonary circulation, both comieeted with a cen¬ 
tral pumping organ, the heart, in the thorax. By means of 
the pumpmg action of the heart a continuous stream of blood 
is kept up from the right side, through the lungs, back to 
the left side of the heart, whence the blood is sent by the 
contraction of the left ventricle through all the rest of the 
body, and is returned by means of the superior and inferior 
venes cavss to the right side of the heart, so completmg the 
double circuit. The blood-vessels vary considerably ui struc¬ 
ture according to their situation m the circuit. The vessels 
which carry the blood from the heart to the tissues, the 
arteries, are., thick-walled, and contain an abundance of 
muscular and elastic elements in their walls. The typical 
medium-sized artery is described as consisting of three coats 
(Fig. 96): an m.tim.n. lined hy a continuous layer of flattened 
nftllR . which rest on a well-marked lamina of 
yAllfiw tis sue; A m£d.n,a composed of unstriated mus¬ 

cular fibres arranged longitudmally and 'circularly; and an 
e^eiml coat, or adventitia of fibrousJ iiaaue. with a number 
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of longitudinal elastic fibres, ^r. tha-lieart, 

TTflaanla Buch as the aoi'ta and its larger branches, ther e is a 
prepon derance of ^astic tissue as co mpar ed, jyith the musciilar ; 
and we find in the media alternate layers of muscle-fibres 
and fenestrated elastic membranes. In the smallest arteries, 
on the other hand, the arterioles, the elastic element jantirely 
disappears, ao.ihat the wall consists of muscle-fibres, chiefly 
arcular, Hned by the endothehum. It is evident that in 
these latter vessels a contraction of their walls may result in 
an entire obliteration of their lumen. Judging simply from 
the structure of these vessels, one might guess that the chief 
function of the large arteries is to serve as elastic conduits, 
whereas that of the arterioles is to regulate the amount of 
blood flowing through them, and therefore the vascular supply 
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Tranaveise section of part of the wall of the posterior tibial artery 
(x76) a, endothelial and suhendothelial layers of intima; 

6, lamina of elastic tissue; c, media consisting of muaole-fibres; 

<2, adventitia (Sohafer) 

to the tissues beyond. As the arteries branch there is a 
gradual enlargement of the total cross-section of the system 
of tubes, although the individual tubes become progressively 
smaller. 

Although the muscle-fibres in the coats of the aorta and large aHeries cannot 
by .then contraction alter appreciably the flow of blood through these tubes, 
they have nevertheless an important function. Lite all other kinds of un- 
fltriated muscle, they are extiemely susceptible to ohanges of tension Any 
sudden morease in tlie pressure within the arteries will therefoie exoite these 
fibres to oontiact, so that the muscular tissue is able to support and reinfoice 
the inert elastio tissue of the aitenal wall in withstanding any sudden stiam 
caused by a great nse of ai*tenal piessure The musole-fibies in the aitenes 
have in fact the same pioteotmg function on the connective tissue elements that 
IS exeioised (but by a more complex mechanism) by the skelettil inusoles which 
send their tendons across a joint In the latter oase, as we shall see later, any 
sudden stretching of the tendon excites the ooiiesponding muscle to contiaot, 
so taking the stiam of the jomt movement off the ligamentous stiuctures which 
BuiTOund it. 
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In the tissues themselves the blood flo'ws through a close 
network of canals—the capillaries. In these all the elements 
of the vascular wall have disappeared, except the endo¬ 
thelium, so that the blood may come in closest possible con¬ 
nection with the tissues, without actual extravasation into 
the tissue-spaces. Owing to the great number of these 
capillaries, the vascular bed undergoes a sudden enormous 
enlargement as we proceed from arterioles to capillaries. 

The blood is collected from the capillaries into small 
venous radicles, which unite to form larger and larger veins. 


Pia 06 
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ram Her 

Ourves of distensibilaty of an artery (thick line) and of a vein (thin 
line) The dgures at the left side of the diagram lepreaent the 
oapaoity of a section of the vessel when distended under a oeitam 
pesBure, expressed by the figures on the base line m mm. Hg. 
(Oonstruoted from figures given by Boy.) 

Although in the vein we can distmgmsh by dissection the 
same three coats as in the typical artery, the thickness of 
the waU of the vein is very much less in proportion to its 
lumen than is the case with the arteries. There is moreover 
a^dimini^ion of the m uscular and elastic , and a relati ve V > 
inorea a a. of the. JJffQflS tissue-elements of the wall. A 
vein th erefore collapses al togetbev, unles8_distMd6d_hy some 
i nternal pressur e. 

This histological difference between vems and arteries 
is of considerable importance for the imderstanding of the 
distribution of pressures in the vascular system, smce the 



192 


PHTSIOLOGT 


distensibility and reaction to pressure of these vessels are 
conditioned by their structure. In Fig. 96 is represented the 
extensibility, t.e. the increase in capacity of an artery and 
a vein under gradually increasmg internal pressure. It will 
be seen that an artery which has a certain capacity at zero 
pressure, gradually distends with increasmg pressure. The 
increase in capacity is however small at first, and becomes 
most rapid between 90 and 110 mm. Hg. After this 
point every increment of pressure brings about a gradually 
dimimshing increment of capacity. Thus a change of in¬ 
ternal pressure causes the greatest change in capacity when 
the pressure in the artery corresponds, as we shall see, to 
the average arterial pressure in the normal animal. 

In the vein, on the other hand, the capacity, which is 
nothing at zero pressure, becomes considerable on raising the 
pressure to 1 mm. Hg. A further rise of pressure to 10 irmn. 
Hg. causes a considerable increase in volume, but from this 
point the increments of volume with rising pressure rapidly 
diminish. Whereas therefore the artery is most distensible 
at about 100 mm. Hg., the vein has its limits of optimum 
distensibility between 0 and 10 mm. Hg. 


The Blood-pressure 

If an artery in the living animal be out across, blood 
spurts from it to a considerable height, escaping in jerks 
corresponding to every heart-beat. This fact, which shows 
the existence of a certain amount of pressure on the blood in 
the artery, may be illustrated in another way. If a vertical 
glass tube be connected with the central cut end of the carotid 
artery, the blood wiU rise in it to a height of three feet (m 
the rabbit), or still higher m the case of the dog, and remain 
about this height, rising a httle with every heart-beat, and 
falling again between the heart-beats. 

We thus see that the blood in the artery is under a con¬ 
stant pressure, which varies to a slight extent with the heart¬ 
beats, rising with and sinking between the beats, but never 
approaching the hne of no pressure. 

This blood-preBBDie may be moie conveniently measured and its variations 
studied by means of Ein instiument called a manometer If we simply 
measure the pressure by meerting a vertical tube into the out central end of on 
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artery, the an im al is injured by the loss of the blood which is necessary to fill 
the tube, and the experiment is soon stopped by the clotting of the blood in 
the tube 

There are many different forms of manometer. The beat for investigating 
changes m the mean arterial blood-pressure is LudwiK’ajneronnal manometai’ 
This mstrument o^aists ess entially of a U-tube with t wo ve rtioa J about 
eighteen inches long This is h alf filleA-with^fllean marcrLcy On the s nrffljg e 
oMhgjpafilfiUijUJl i^e hmh 1 h n. flnaf, from which a stiff fine rod (of steel or 
glass) rises, bearing on its upper end a writing point This point is adjusted 
so as to record its movements by scratchmg a white line on the smoked paper 
of a kymograph (A kymograph is merely an arrangement of revolving 
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Arrangement of appaiatus for taking blood-pieasuie tiacing a, 
artery (caiotid), o, cannula, d, thiee-way cock, m, mercurial 
manometer, b, drum covered with smoked paper 

oylmders, moved by clockwork or other means, arranged to carry a roll of 
smoked papei) Instead of usmg the smoked paper, a pen may be fitted to the 
end of the vertical rod, and its eiouisions recorded in ink on a moving band of 
white papei 

The othei limb of the manometer is connected by a flexible rigid tube (such 
as lead) with a small tube oi cannula^ which is tied into the central end of the 
aitery While the cannula is being tied, a clip is placed on the artery at (a), 
so as to prevent the blood escapmg At (d) there is a thiee-way cook This is 
first turned so as to put the tube (x) into connection with the tube to the 
cannula, and the whole is then filled witli a half-saturated solution of sodium 
sulphate, oi a 25 per cent solution of magnesium sulphate The cock is then 
turned and the tube leading to the manometer filled m the same way 

Both tubes being full, the solution is injected forcibly into (x), so to 
raise the column of mercury about 160 mm Thp cook is then turned so 

18 
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that the manometer is put into oonneotion with the artery. The clip is then 
taken off the artery. The column of mercury drops to about 120 mm (if the 
carotid of the dog is the artery used), and stops at about that level, using and 
fallmg shghtly with every heart-heat jibieot of usmg s odium sulnhate or 
magnesimn sul phate solu^pa is tp delay plotting^yijhe cannula. 

On investigating m a similar manner the condition of the 
veins, we find quite a different state of things. If a vem be 
hgatured in any part of its course, it swells up on the distal 
side and shrinks on the side towards the heart. If it be cut 
across, the bleeding that occurs takes place nearly entirely 
from the distal end. The haemorrhage moreover is of a 
different character from that which occurs when an artery is 
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Blood-pieasaie tiaoing taken mth meicuiial inanometei (fiom 
oaiotid of rabbit). A, abeciesa or hue of no pieseiuo 

divided. The blood, mstead of spurting out to a distance, 
wells up and is not increased or in any way affected by the 
heart-beat. If we connect a manometer with a vem, we find 
that the pressure amounts to a few mm. of mercury. Thus 
we see that the blood, which m the arteiies is under high 
pressure and has an iatermittent flow, by the time it has 
reached the veins is at a low pressure, and the flow has lost 
its iatermittent character. 

What IB the cause of this change m the chaiacter of the 
flow? The blood in passmg from arteiies to veins has to 
traverse the arterioles and capillaries and m so doing meets 
with considerable resistance owmg to the friction between the 
blood and the vessel-walls. Every time an artery divides, 
although each separate branch is smaller than the oiiginal 
branch from which it sprmgs, the united sectional area of the 
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two branches is greater, so that the sectional area of the 
capillaries exceeds by many hnndred times that of the aorta. 
If this increase in the sectional area took place without 
division, its effect would be to lower resistance to the flow of 
blood. But if we consider for a moment the condition of the 
circulation of the capillaries, we see that the friction-lowering 
effect of increased area is much more than compensated for 
by the increased surface and therefore increased friction. 
Many of the capillaries are no wider than a single blood- 
corpuscle. The resistance of such a capillary system would 
be very large even to a stream of water, much more so then 
to a fluid which is somewhat viscid, and has suspended in it 
a number of solid particles. 

Another factor however is mvolved m this question of 
resistance. The friction between the blood and the walls of 
the vessels depends not only on the extent of surface-con¬ 
tact, but also on the velocity of the blood. Owing to the 
great increase in area on passing from arterioles to capillaries, 
there is a sudden slowing-down of the blood-stream. The 
arterioles may be compared to small inlets into a wide lake. 
On this account it seems that the main resistance to the 
passage of blood through the tissues is situated, not in the 
capillaries but in the arterioles, and may be varied within 
very wide limits by alterations m the cahbre of these vessels. 

The main factors m convertmg the intermittent flow of 
the arteries into a constant flow through capillaries and vems 
and in maintaining a mean blood-pressure in the arteries 
are — 

^ 1. The contraction of the heart. 

) 2. The peripheral resistance. 

3. The elastic reaction of the arterial walls. 

' Since this is a purely mechanical question, it will be more 
easily understood by a simple illustration. The heart may 
be regarded as a pump, forcing a certain amount of blood 
(about 3 oz.) into the circulation at each stroke. If a pump 
be connected with a rigid tube, every time that a certain 
amount is forced into the beginnmg of the tube, an exactly 
equal quantity will be forced out at the other end at the 
same time. Increasing the peripheral resistance by partial 
closure of the end of the tube will not affect the mteimittent 
character of the flow, but will merely serve to diminish the 
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quantity thrown in, as well as the quantity which escapee at 
the other end of the tube, supposing that the work done by 
the pump is equal in both cases. If, instead of a rigid tube, 
we employ an elastic tube, and the end be left open so that 
no resistance is offered to the outflow of the fluid, the effect 
wiU be the same as when we used the rigid tube ; the outflow 
win correspond exactly to the inflow, and will be just as inter¬ 
mittent. But now, if the end of the elastic tube be partially 
clamped, so as to increase the resistance to the outflow, there 
will be a marked difference between this effect and that pro¬ 
duced by the rigid tube. Each stroke of the pump forces 
a certain amount of fluid into the tube. Owing to the 
peripheral resistance, this cannot all escape at once, and so part 
of the force of the pump is spent in distending the walls of the 
tube, and part of the fluid that was forced in remains m the 
tube. The distended elastic tube however tends to empty 
itself, and forces out the fluid which over-distends it before 
the next stroke of the pump occurs. So now the outflow may 
be divided into two parts,—one part which is forced out by 
the immediate effect of the stroke of the pump, and another 
part which is forced out by the elastic reaction of thq tube 
between the strokes. If the strokes be rapidly repeated 
before the tube has time to thoroughly empty itself, it wiU 
get more and more distended. Greater distension means 
stronger elastic reaction, and therefore stronger outflow of 
fluid between the beats. This distension goes on increasing 
tiU the fluid forced out between the strokes by the elastic re¬ 
action of the wall of the tube is exactly equal to that entering 
at each stroke, and the outflow thus becomes continuous. 

The same thmg occurs m the living body. A man’s 
heart at each beat or contraction forces about three ounces 
of blood mto the already distended aorta. The first effect of 
this is to distend the aorta still further. The elastic reaction 
of the waUs drives on another portion of blood, which distends 
the next segment of the arterial wall, and so the wave of 
distension is transmitted with gradually decreasing force 
along the arteries. This wave of distension is what we feel 
on the radial artery, or any exposed artery, as the pulse. 
After each heart-beat the arteries tend to return to their 
original size, and drive the blood on through the arterioles 
(the peripheral resistance) into the capillaries and so mto the 
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veins. By the time the blood has reached the veins, all 
trace of the heart-beat has disappeared, and the pressure has 
fallen to a few mm. of mercury. 

The accompanying diagram represents roughly the dis¬ 
tribution of pressure along the vascular system. The blood- 
pressure falls only slowly in the great arteries, as is shown by 
the Ime bp in the first part of section a. Towards the end of 
this section there is a sudden and extensive fall of pressure 
caused by the increase of resistance in the arterioles. In the 
capillaries (o) and in the vems (v) the blood-pressure once 
more falls gradually until, in the big vems near the heart, it 
may be negative. 


Fiq 99, 



Saheme of blood-pressure in— a, the arteries; o, capillaries, and 
V, veins 00 Line of no pressure, lv. Left ventricle ha. 
Bight auriole. bp Height of blood-pressme 

The following table may serve to give some idea of the 
probable average height of the blood-pressure at different 
parts of the vascular system in man. It must be remembered 
however that these pressures are all subject to considerable 
variations according to the physiological condition of the 
various parts and organs of the body. 


Large arteries (e g. carotid) 

+ 

140 mm. meioury. 

Medium arteries {e g radial) 

+ 

110 mm „ 

Oapillanefl 

about + 

15 to + 20 rom mercury 

Small veins of arm 

. + 

9 mm „ 

Portal vem 

+ 

10 mm „ 

Infeiior vena cava 


3 mm „ 

Large veins of neck 

from 0 to - 

8 mm 1 , 


These main facts of the circulation can be well illustrated 
on a model made of mdiarubber tubing, such as the artificial 
schema represented in Pig. 100. (b) is a basin of water, (e) 

an enema syringe, which can be used to force on water, and 
represents the heart. This is connected by an indiarubber 
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tube (a) with a tube which is packed with sponges to 
represent the peripheral resistance in the capillaries. From 
the distal end of (o®) a tube (v) serves to conduct the fluid' 

Fia. 100 



Diagram of artificial circulation sohema 


back to the basin. To side blanches of (a) and (v) two 
mercurial manometers (m' and m‘0 are connected, and these 
are arranged to wiite one below the other on the smoked 
surface of a kymograph. Another loute foi the flmd from 
(a) to (v) IS afforded by the tube (o'), which may be clamped 


Pw 101 



at will. Tracings are first taken of the pressures on the 
arterial and venous sides with the tube (c') open, while the 
flmd is forced through the system by ihythmical compression 
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of the bulb of the enema. The fluid in passing from (a) to (v) 
has now practically no resistance to overcome, and accordingly 
we find the pressure-tracmgs of the two manometers (Fig. 101) 
are almost identical, the flmd escaping from the end of (v) Bit 
each stroke of the pump. 

c' IS now clamped so that all the fluid must pass through 
the tube (c^) with a high resistance. Tracings are again 
taken (Pig. 102), and they show that the pressure on the 
arterial side at first rises with every beat till it has attained a 


Fig. 102 



Tracing from artificial schema with considerable peripheral 
resistance a, arterial, v, venous manometer 


certam height, where it remams stationary, merely oscillating 
with every stroke of the pump. The venous manometer, on 
the other hand, shows scarcely any rise of pressure, and its 
oscillations become less and less till they disappear, and the 
flow becomes continuous. 

Thfjie IB one feature m the ciioulation which is not represented m the 
above schema In the latter the system of tubes is open at both ends, and 
the amount of fluid supplied to the contiaotmg heart-model is constant. In 
this model therefore, so long as the resistance in the circuit is constant, the 
pleasure m all parts of the circuit will vary directly with the force of the 
heait-beat, and a rise of arterial pressure will be attended with a smaUei nse 
of venous pressure, as shown in Fig 102 In the body however the blood¬ 
vessels foim a closed ciromt, oontoimng a certain mvariable quantity of fluid. 
We may imitate this condition m the schema by connecting the venous end of 
the tube with the supply-tube of the enema syringe, having previously ovei- 
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filled the system to a slight extent Under these oiroumstanoes, so long as 
the heart is not beating, the pressure in all parts of the system will be the 
same, and this pressure, which may be called the mean general blood-pressure, 
amounts in a laige dog to about 10 mm Hg. It wiU be seen at once that the 
pump or heart cannot alter this mean general pressure, but can only give 
rise to an unequal distribution of the piessure Thus it may dimmish the 
pressure in the vems and increase the pressure m the arteries by pumpmg 
the flmd from the vems mto the arteries We may take Fig 103 to repre¬ 
sent tho vasculai system, which has a definite capacity and contams a 
definite quantity of blood If the heait (h) is not acting, and the fluid is 
motionless, the pressures at all parts of the system will be the same (10 mm. 
Hg) If now the heart begins to act, it pumps blood from the veins into the 
arteries, so that the latter become distended at the expense of the former, and 

Fig. 108 


C 



the arterial pleasure nses above, and the venous piessuie sinks below, the 
mean pressure of the system It must be remembered that in tho body the 
tubes forming the veins are much moie distensible at low pressuies than aie 
the tubes on the arterial side Hence, when the heait begins to beat, we get 
a large nse of pressure on tho arterial side (from 10 mm to 120 mm) and 
only a small fall of pressure on the venous side (fiom 10 mm to 6 mm, 
0 mm , or neai the heai*t about -6 mm ) It is evident that in such a system, 
while the resistance remains constant, the venous piessure will vaiy inversely 
with the ortenal pressuie, and not directly with the latter, as is tho case with 
on open circuit. 

There is one other important fact arising horn tho closed condition of the 
cndilatory system In the body, changes in the peripbeial lesistance are 
effected by oontiaotions of the smaller arteiies and of some of tho veins Now 
the oontractions of these vesacla not only incieose tho poiiplicial lesistaiicc, 
but also dimmish the total capacity of the system, so that now we have the 
same amount of fluid as before enclosed m a smallei cavity This must mean 
an increased elastic distension of the walls of the cavity and a use of the mean 
general pressure, so that a general contiaction of the arterioles, tho heait-beat 
bemg unchanged, may cause a rise of pressure both on ai*teiial and venous 
sides. 

It must therefore be remembered that, whenever a iibe in aiteiial piessure 
IS produced by active contraction of the smaller arteries, it is due to the 
oomoidenoe of two factors—(a) increased peripheral resistance, (6) dmiiuished 
capacity of vascular system. 
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In the living body there are two aids to the circulation on 
the venous side, which are not represented in our schema. 

Firstly, nearly all the veins in the body possess valves, 
formed by reduplication of their Iming membrane. These 
valves are so placed that they allow the passage of the blood 
only m one direction, viz. towards the heart. Thus any 
muscular contraction pressing on the veins can squeeze their 
blood only in one direction, and m this manner it assists the 
onward flow of blood. 

Secondly, as we shall see in treatmg of respiration, the 
movement of the chest-walls at every mspiration causes a 
suction of the blood towards the thorax, and it is this aspira¬ 
tion of the thorax which gives rise to the negative pressure 
found in the big veins near the heart. 

Velocity of the Blood-flow in the Vessels 

Since the area of the blood-vessels mcreases progressively 
from aorta to capillaries, the rate of flow must decrease m like 
proportion. There are several methods by which the rate of 
flow in the larger arteries may be measuied. 

Fig 104 


't 

Diagram of Ludwig’s ‘ Stromiihr ’ 

One of the most important historically is that devised by 
Ludwig, m which the ' Stromuhr ’ is used. This (Fig. 104) 
consists of two oval glass vessels (a) and (b), connected above 
by means of a glass tube. The capacity of these vessels is 
accurately known. They are fixed at their lower ends in a metal 
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disc (c), whicli is fitted on to another disc. The upper disc can 
be turned round on the lower disc. Through the latter run 
two tubes (t) and (t'), the upper ends of which are continuous 
with the vessels (a) and (b), and the lower ends, which are bent 
outwards m a horizontal direction, can be connected with the 
central and peripheral ends of a cut artery such as the carotid. 
In using this instrument the vessel (a), the connecting tube 
as far as the mark (x). and the two tubes (t) and (t') are filled 
with defibrinated blood. The vessel (b) is filled up to the 
mark (x) with oil. The tube (t) is now fixed into the central 
and the other tube (t) mto the peripheral end of a cut artery. 
As soon as the clips on the artery are released, blood flows 
from the artery through (t') into (b), displacing the defibri¬ 
nated blood in (a), which flows mto the peripheral end of the 
artery. As soon as the inflowing blood has reached the 
mark (x), the whole upper part of the instrument is turned sud¬ 
denly round 180°, so that (b) is now in communication with the 
tube (t). The blood, which is still flowing steadily into (t'), 
now rises into (a), drivmg the oil back into (b), and the blood 
m (b) onwards into the peripheral parts of the artery. As soon 
as the oil reaches its own level, the instrument is turned round 
agam into its previous position, and so on. From the number 
of times that the ‘ Stromuhr’ has been turned round, we can 
reckon the amount of blood that has flowed through in a given 
time, and from this number, knowing the calibre of the artery, 
it IS easy to compute the velocity of the blood in the arteiy.* 

The earliest diieot determinationa of the veloolty of the blood in the larger 
veasels were made by Volokmann by means of an inatiument called the 
Jbccutodromometer This consists simply of a U-tube (Fig 106) of appioxi- 
mately the same size as the vessel in which the velocity is to be measured 
After being filled with normal salt solution it is connected by its two aims, 
a and c, with the proximal and distal ends of the cut vessel By moans of the 
taps at a and c, the blood can either flow directly from a to c, or can be 
directed so as to flow entirely through the U-tube In this way the velocity of 
the blood is measured by seeing how long it takes foi the blood to flow round 
the U-tuhe from a to c 

Both these methods give only the average velocity of the blood in the larger 
vessels In order to determine the rapid changes in velocity which occur 
duLing each pulse, several instruments have been devised. 

The hoimodromograph of Marey consists of a wide tube with a window at 


* If we take v for velocity, m for volume of blood that has flowed through 

in a umt of time, and a for the sectional area of the artery, then = - 

a 
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one side covered m by a piece of elastic membrane. Through this membrane 
parses a wntmg-pomt which has an oar-shaped enlargement within the tube 
On plaomg the tube in the oouiae of a blood-vessel so os to allow blood to flow 

Fig. 105 

t 



Hsamodromometei of Yoickmonn. 


through it, the blood-current causes a deflection of the flattened extremity of 
the lever which, communicated to the arm outside the tube, can be recorded 
on a blackened surface 

Fig 106 



Diagram to show principle of construction of Cybulski’s photo- 
hffimatachometei 

A much better instrument for this purpose is the photoli^natachcmeter of 
Cybulski {Fig 106) If a current of blood be directed along the tube ah 
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pogg 0 gguQg two vortio&l Bids tubos c And tbo prosBuro &t c will bs ^iro&tGr 
than that at d, since at c the momentum of the moving mass of blood is added 
to the lateral pressure of the fluid. A tube of thig shape is connected with an 
artery, such as the carotid, and the tubes h and N are attached at the pomts 
c and d These two tubes are united at their upper extremities In this case, 
BO long as the blood flows from a to 6 , the fluid in h will nse higher than m li\ 
and the diflerenoe in height of the flmd in the two tubes will be proportional 
to the velocity of the blood A graphic record of this difference of pressure is 
obtamed by allowing a narrow beam of light to throw an image of the menisci 
of the two columns of flmd through a sht on to a moving photographic plate 
Such a record is given m T’lg 107 The width of the black space at any point 
IB proportional to the velocity of the blood at the moment at which this part of 
the lecord was being taken Of course this instrument has to be oabbrated 
if we wish to determme the velocity of the blood in absolute measure In 


Fig 107 



Beoord of blood-velocity m the carotid aitery of the labbit 
(Oybulski) 


Fig 107 the velocity at the point 1 and 1', corresponding to the cardiac systole, 
was 248 mm. pei second At 2 and 2', corresponding to the dicrotic elevation, 
the velocity was also 248 mm At 8 and 3', towards the end of diastole, the 
velocity sank to 127 mm 


The rate of flow in the capillaries may be measured by 
durect observation of the rate at which a blood-coipuscle moves 
along a capillary of the frog’s web. It probably varies from 
I to 1 mm. per second. The area of the large veins near the 
beait (under normal pressure) is equal to about twice that of 
the arteries, and this relationship between veins and arteries 
holds good for the entire system. Hence, since the same 
amount of blood enters the heart as leaves it at each beat, the 
rate of flow m the veins must be about half that in the corre¬ 
sponding arteries. 









It is also possible to measure the time taken up by the 
blood in traversing the whole of the circulation once, the 'total 
circulation time,’ To this end a solution of sodium ferrocyanide 
is injected into the jugular vem on one side, and the time in 
seconds is noted that elapses before the salt can be detected in 
the samples of blood taken from the jugular vein of the other 
side. This time in the horse is thirty-one seconds, and in the 
dog seventeen seconds. In man it has been computed to be 
about twenty-three seconds. 

Man^ other methode have been devised for the same end. Thus we may 
injeoi a strong solution of a colouring matter such as methylene blue into the 
]ugular vein, and determine by actual inspection through the wall of the artery 
the moment at which the darldy coloured- blood arrives at the point under 
observation. Or we may use the eleofcnoal method proposed by Stewajt. a 
compensated current is sent through a small section of artery and a galvano¬ 
meter A little strong salt solution is then injected into the jugular vein on 
the opposite side. As soon as the blood containing the stronger salt solution 
amves at the arteiy, the resistance between the two electrodes is dimmished, 
the compensation of the current is therefore at once destroyed, and the needle 
of the galvanometer is deflected 

It must be noted that the ‘ total circulation time ’ does not represent the 
time it would take for the whole mass of blood to pass round the entue circula¬ 
tion once For in every tube the particles at the centre will move muoh more 
guickly than those m contact with the walls. In the hvmg animal one blood 
ooipuBole may pass rapidly from the aorta through the widely dilated arterioles 
of, e p, the thyroid gland, while another corpuscle may have to pass slowly 
through the oonatrioted vessels of the skin of the foot before returning to the 
heart. The circulation time measnied by the above methods is merely the 
shortest possible time m which a blood oorpuaole, taking all the short outs, 
can pass from right ventricle to left ventricle, and from left ventricle back to 
right ventricle. The av&iage ouculation time, ee the tune necessary for the 
whole mass of the animal’s blood to pass once through the heart, is probably 
two or thi'ee times as great as the times given above. 
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Section 2 

THE CHANGES OOGUREING IN THE HEART AT 
EACH CONTRACTION 

Anatomical Arrangements of the Heart-pump 

We have already seen that the heart consists of four 
cavities, two auricles and two ventricles, and that each side of 
the heart, consisting of one auricle and ventricle, represents a 
pump which has for its function the driving of blood through 
the pulmonary or the systemic circulation. The muscular 
fibres formmg the wall of the heart are so arranged that the 
contraction of the fibres causes a dimmution, and the relaxa- 


Fig 108 



MuHCuhu fibies fiom tho maniDiiiliiin licn,it ( x 425) (Schafor) 

tion an enlargement of the lioart-cavities The contractile 
tissue resembles voluntary muscle in presentmg a cross and 
longitudinal striation, but diffeis from it in the fact that each 
contractile imit is not a fibre but a quadiilateral cell, having 
a single nucleus at its centie. These cells are arranged end 
to end so as to form fibres and possess no sarcolemma, the 
muscle-cells being apparently functionally continuous by 
means of fine mtercellular protoplasmic bridges. In both its 
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histology and mode of contraction, cardiac muscle takes its 
place midway between unstriated and skeletal muscle. 

In the mammal the auricles are separated from the 
ventricles by a fibrous rmg, from which most of the muscle- 
fibres of the two cavities take their origm. There is one band 
of fibres however, which are continuous across the auriculo- 
ventricular junction, taking a course down the intraventricular 
septum. It is this bundle which is responsible m the mammal 
for the propagation of the contraction from the auricles to 
the ventricles. In the ventricles the fibres have for the most 
part an oblique course, runnmg from above downwards and 
to the left, sinking deeply mto the substance of the ventricle 
towards its apex, where they make a spiral turn and are con¬ 
tinued up again on the inner surface of the ventricle, endmg 
m many cases in one of the papillary muscles. Besides these 
obhque fibres, there are a number of longitudinal and circular 
fibres, of which many are continuous over the two ventricles. 

Corresponding with the greater amount of work thrown 
on the left ventricle, its wall is about twice as thick as that 
of the right ventricle, and on cuttmg a section through the 
two ventricles in a contracted condition, we see that the thm 
wall of the right ventricle lies in the form of a crescent round 
the circular left ventricle. The capacity of both ventricles 
is approximately equal, amountmg in each case to about 140 
c.c. (m complete relaxation). 

Whereas the ventricles have to pump their conteiits into 
the arteries against a considerable pressure, the sole function 
of the auricles is to empty themselves mto the relaxed and 
flaccid ventricles. We therefore find that the walls of the 
auricles are considerably thinner than those of the ventricles. 
Their muscle-fibres run both in a circular and a longitudinal 
direction, the circular fibres being continued round both 
auricles, special rings of circular fibres surrounding the 
opemngs of the great vems. 

The endocardium which hues the heart-cavities is covered 
by a continuous layer of endothelium resting on a little 
fibrillated connective tissue and similar to that which Imes 
the vascular system generally. The am'iculo-ventricular 
orifices as well as the openings of the aorta and the 
pulmonary artery are guarded by valves permittmg the 
passage of the blood only in one direction. The auriculo- 
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ventricular valves are thin flaps of fibrous and elastic tissue 
covered on each side with endocardium and projectmg down¬ 
wards into the cavities of the ventricles. Their sail-hke 
maigms are connected by thin tendinous cords with nipple¬ 
shaped projections of the muscular walls of the ventricles, the 

Fig 109. 



Left jinncle and yentncle, with outer Hide cut away to sliow chief 
points in anatomy of heait (Testut) 1, aoita, *2, pulmonary 
arteiy, B, ant coronaiy vessels, 6, 5', pnlmouaiy veins, 0, left 
amiole, 7, anncular appendage, 10, cavity of left ventuole, 11, 

12, mitral valves , 18, 14, papillaiy muscles , 10, aiiow pointing to 
aoitic oufice 

so-cftlleci papillary muscles By these attachments the edges 
of the valves are kept close together and prevented from ever¬ 
sion under the strong pressure exerted by the contractmg 
ventricles. These valves are two in number on the left side 
of the heart, forming the mitral valves , while on the right 




Bide of the heart, the auricBlo-ventricnlar valves, though other¬ 
wise exactly similar to the mitral valves, are three in number 
and are called the tricuspid valves. 

From a purely mechamcal standpoint, the valves guarding 
the arterial orifices are much more perfect than those just 
described, which depend for their efiQoiency on the proper 
contraction of the ventricular wall and musculi papillares. 
Each orifice is guarded by three valves, which are semilunar 
in shape, are attached by their convex borders to the arterial 
wall, and present m the middle of their free border a small 
flbro-cartilaginous nodule, the corpus Aranthi, from which 
fine elastic fibres pass to all parts of the valve. The extreme 
margin of each valve, the lunula, on each side of the corpus 
Arantii, is extremely thm, being formed of little more than 
the endocardium. Whenever the pressure in the arteries is 
greater than that in the ventricles, those valves are closed, 
and the thin margms come in contact with similar portions of 
adjacent valves, so preventing the reflux of a single drop of 
blood. The borders of the valves under these circumstances 
come together m the form of a star composed of three lines at 
angles of 120°, the three corpora Arantii being pressed together 
at the centre of the star. 

No valves are found at the orifices of the great veins into 
the auricles, a reflux of blood in this situation during contrac¬ 
tion of the heart being prevented by the contraction of the 
muscular rmgs round the veins, which always precedes the 
auricular contraction. 

The heart, as well as the roots of the great vessels, lies 
almost free in a special serous cavity, the wall of •which is 
formed by a tough fibrous membrane, the pericardium. Tins 
is attached below to the central tendon of the diaphragm and 
above to the arterial trunks. It is hned by a layer of endo¬ 
thelium continuous with a similar layer covering the surface 
of the heart. These two surfaces are kept continually moist 
by means of lymph, formmg the pericardial fluid, so that the 
heart can move freely withm the pericardium without friction. 
One of the chief functions of the pericardium appeals to be to 
iheck an excessive dilatation of the heart during conditions 
ittended by a use of venous pressure. 


14 
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The Phenomena of the Normal Beat 

If we expose the heart of a mammal, as the rabbit, by 
opening the chest, the animal being kept alive by artificial 
respiration, it is possible to observe the sequence of events 
which happen at each contraction. The first thmg to be 
noticed is a contraction of the gieat vems near the heart, 
which occurs simultaneously on the two sides. When the 
wave of contraction reaches the auricles, these contract 
shortly and sharply towards the ventricles, dragging down 
with them the auricular appendages, which also take part 
in the contraction and become pale and bloodless. This is 
followed almost immediately by the contraction of the ven¬ 
tricles, which is more prolonged and forcible. Contraction 
of both ventricles occurs synchronously. As we shall show 
later, contraction of the ventricles begms at the base and 
extends thence to the apex, but the propagation of this con¬ 
traction-wave occurs BO rapidly that it is impossible to follow 
it with the eye, all parts of the ventricle appearmg to con¬ 
tract simultaneously. During contraction, the ventricle 
undergoes changes m shape, size, and position, becoming 
shorter from above dowiiwaids and changing in cross-section 
from an elliptical to a ciicular foim, ‘i.c, the heart becomes 
more conical. There is at the same time a twistmg of 
the inferior parts of the ventricle, owing to tlie oblique course 
of the muscular fibres. If the peiicaidium is opened, this 
torsion causes a tilting of the apex forward and to the right 
with each contraction. In the normal condition, when the 
pel icai drum is intact, the apex lomams almost stationary 
during conti action. This is owing to the fact that the peri¬ 
cardium IS fixed externally, and the apex could not rise 
’‘viiJiout causing a vacuum between it and the pericardium, 
shoi telling of the long axis of tlio heart is rendered 
do by a cliange in tlio position of the auriculo-ven- 
r gioove, which descends with every conti action, the 
ai tones elongating at the same time as they are 
od by the amount of blood thrown into them, 
j conti action or systole of the ventricles is followed by 
jid relaxation, and they lemam for some time at rest, 
g simply passively filled with the blood flowing m through 
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the great veins and auricles. This period of relaxation and 
rest is called the diastole. 

The Vahular Mechanisms of the Heart 

We may now consider the effect of these cardiac events 
on the contained blood. During diastole the blood is flowing 
m a steady stream from the inferior and superior venm cavie 
mto the right auricle and thence into the right ventricle, 
the propelling force being supplied by the systemic blood- 
pressure and the auxiliary forces alieady mentioned, i.c. 
muscular movement and aspiration of the thorax. As the 
great veins contract they simply hurry on their contained 
blood into the auricle, which immediately contracts on its 
contents, driving them through the open tricuspid valves 
into the right ventricle. It must be remembered that there 
are no valves at the mouths of the great veins (except in 
the great coronary smus) to prevent reflux of blood into 
them during the auricular contraction. They are indeed 
unnecessary, the exclusive flow of blood into the vontriclos 
being determined by the way in which the auricles contract 
jQwards the ventricles, and the low pressure in the ventricles 
iurmg diastole. The ventricles during the whole of diastole 
lave been getting more and more distended by the gradual 
nflow of blood. This distension is suddenly increased by 
he auricular contraction, and then follows almost immediately 
he contraction of the ventricles. As the blood is flowing 
rom auricles to ventricles, reflux currents or eddies must be 
Dimed on the ventricular side of the tricuspid valves, 
mdmg to keep these fiom being widely opened. Directly 
ae pressure rises in the ventricles, in consequence of tlie 
Dntraction of their walls, the valves are forced back till 
leir edges come in contact and effectually prevent any 
iflux of blood into the auricles. The close apposition of 
le edges of the valves is fm'ther provided for by the 
itachment of the chordae tendinese of the papillary muscle to 
G adjacent valves. As the ventricle shortens, the papillary 
uscles contract, thus preventing the valves fiom being 
reed backwards and rendered incompetent. The eflect of 
is contraction of the papillary muscles is that the uiiriculo- 
ntricular valves, which durmg the diastolic period form 
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a truncated cone open towards the ventricle, are dragged still 
nearer to the ventricular wall, so that the blood is, as it were, 
expressed between two cones (heart-wall and valves). At the 
same time the contraction of the circular fibres at the base 
of the heart constricts the auricolo-ventricular orifices, so 
bringing the valves at their origin close together, and enabling 
then inner surfaces as well as then free edges to be apposed 
for a considerable extent {v. Fig. 110). The valves being 
thus closed, the pressui'e rises higher and higher in the 
ventricle, till it exceeds that m the pulmonary artery. 
Directly this is the case, the semilunar valves open and allow 
the ventricle to discharge its contents. The flow of blood 
from ventricle to artery goes on during the whole systole of 

Fia 110 A Pig. 110 n 


Diagram to show position of mitral valves m diastole (110 a) and 
systole (110 n) A Auricle V. Ventnclc Ao Aoita. 

the ventricle; durmg this time the semilunar valves are 
pressed outwards, but not close to the arteiial wall, smce they 
are probably hept in an intermediate position by the leflux 
currents or eddies set up m the blood on their arteiial side. 
They thus form an orifice, triangular in shape with curved 
sides, presenting but little resistance to the onwaid flow of 
blood. 

Directly the ventricular contraction ceases and the blood 
stops flowmg, these reflux currents tend themselves to bring 
the valves together. At the same time the pressuie m the 
right ventricle falls quickly to notliuig, and the sudden 
difference in the pressures on the two sides of the valves 
causes them to shut tightly and shaiply, giving use to a 
click which is distmctly audible on listeiimg with one’s ear 
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closely applied to the chest-wall, and represents the second, 
heart-sou^. The lunulea of two adjacent valves are closely 
pressed together, thus preventing the possibility of the leak¬ 
age of even a single drop of blood back into the ventricle 
While these events are occurring on the right side of the 
heart, an exactly similar series is taking place on the left. 
During the diastole blood flows from the pulmonary veins 
to the left auricle and ventricle. The left auricle then 
contracts, and this is followed by the contraction of the 
left ventricle. The only difference between right and left 
sides consists in the fact that the pressure which has to be 
overcome in forcmg blood into the aorta is much greater 
than that m the pulmonary artery, and so the left ventricle, 
having much more work to do, is much thicker, and contracts 
more forcibly, than the right. The closure and opening of the 
mitral and aortic valves occur in just the same way as the 
correspondmg events affecting the tricuspid and pulmonary 
valves. 


The Heart-sounds 

If we apply our ear to the front of a person’s chest (it is 
more convenient to use the stethoscope for the purpose), 
we hear two distinct sounds accompanying each beat of the 
heart, followed by a pause correspondmg to the diastole. 
The sounds are compared to the syllables lulh, duup^ the first 
sound being low-pitched and prolonged, the second sound high 
and sharp. 

Thus the heart-sounds may be represented : 

Ivibh, dup (pause), luhb, dup (pause) 

The causation of the second sound is very simple, and 
may be consideied first It is heard just over the second 
light costal cartilage, the place where the aorta lies 
nearest the surface. 

It comes at the end of the systole, as determined by the 
hardening of the apex of the heart, felt as the apex-beat, 
and can be shown to be synchronous with the closure of the 
aortic valves. It is in fact caused by the sudden shutting 
and stretching of these valves that occur directly the heart 
ceases to contract and to force blood into the aorta. If the 
valves be hooked back (by means of a wire passed down a 
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carotid artery) in an animal, the second sound disappears, and 
is replaced by a mm-mur caused by the blood rushmg back 
into the ventricle at the end of the systole. The same dis¬ 
appearance of the normal second sound is often observed in 
cases where the valves are prevented from closing by diseased 
conditions. 

The pulmonary and aortic valves generally close simul¬ 
taneously. In some cases however the aortic may close 
slightly before the pulmonary, giving rise to a ' reduplicated 
second sound.’ The pulmonary element of this sound is best 
heard over the second left cartilage. 
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Diagram of events constituting a cardiac cycle. 


The first sound has probably a twofold origin, viz. fiom 
the sudden closure of the auidculo-ventricular valves, and 
from the contraction of the thick muscular wall of the 
ventricle. 

If the veins going to the heart be clamped, so that the 
heart can no longer be distended with blood nor the valves 
put on the stretch, the sound is altered in character but not 
abolished. The first sound may indeed be heard on listening 
with a stethoscope to the beat of an excised heart. It is said 
that two notes may be detected in the first sound—a high note 
of short duration due to closure of the valves, and a long low- 
pitched note due to the muscular contraction. This muscular 
©iQIft^nt of the first sound has the same pitch as the sound 
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produced by voluntary contracted muscle, and therefore as 
the resonance-tone of the ear. 

This consideration prevents our arguing from the tone 
that a cardiac contraction is a tetanus. As we shall show 
later on, each ventricular contraction is analogous to a simple 
muscle-twitch, and not to a tetanus. 

By means of these sounds we are able to determine to a 
certam extent the amount of time taken up by each phase of 
the cardiac cycle. In a healthy man the heart beats about 
seventy-two times per mmute. So we may say that each 
systole with its corresponding diastole (cardiac cycle) is 
completed in about of a second. 

This time is divided up in the following way:—Systole of 
auricle iV sec., systole of ventricle ^ sec., diastole sec. 

The relationship between the phases and heart-sounds is 
represented by Fig. 111. 

The Pressure vn the Heait Gamt%es dming a Gard%ac 

Gycle 

We arrive at a clear idea of the events occurring during 
the ventricular systole by a study of the endocardiac pressure- 
curve. 

There are several methods by which the endocardiac 
pressure may be recorded. In one (Ghauveau and Marey) a 

Eio. 112. 
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Diagram of Maiey’s caidiao ‘sound,’ oonsistmg of a long tube 
a 6, terminating at one end m the ampulla m, which is coveied 
with an olastio membrane The side-piece c selves to indicate 
the position of the ampulla after it has been introduced into 
the voBsels 

cardiac ‘ sound ’ is put down the jugular vein into the right 
auricle or ventricle, or down the carotid into the left ventricle. 
The cardiac sound is a stiff tube, having an elastic bag or 
‘ampulla’ at the end that is to be inserted into the heart 
(Fig. 112). The upper end of the tube is connected with a 
tambour, which is a small round metal tray covered with 
dehcate elastic membrane. To the top of the membrane a 
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writing lever is attached (Pig. 113) Any change of pressure 
on the ampulla causes a corresponding movement of the lever 
of the tambour, which may be recorded on a movnig smoked 
surface. 

Since this instrument is very easily set into vibrations, it 
is often difficult to know whether a given rise or depression on 

Fig 113 



Maiey’a tamboui a, axis of level, 6, metal tiay covoiotl with lubbui 
membiaue, and communicating by tubo / with fieo end of cauliac 
sound 


the tracmg is to be taken as of cardiac or instrumental origin. 
Hence it is better to make the tambour very small, with thick 
rubber so as to limit the movements, and to fill it with saline 
fluid, which is also used to fill the tube connecting it to 
the heart. This is the principle of Hurthle’s manometer 
(Fig. 114). It IS evident that the mercuiial manometer would 
be no good for this purpose, since the mercury column has far 

Fig. 114 



Diagiam to show oonafciuction of Hiuthlo’s luembinne 
manometei 

too much mertia to follow the lapid changes of piessiue in 
the ventricles. 

By the mtroduction of a valve m the tulie leading Iioiii 
the manometer to the heart, it may be used as a maximum 
or mmimum manometer. If the valve permits fluid to go only 
towards the heart, the manometei will indicate the minimum 
pressure ever attained during the cardiac cycle. If it be 
turned the other way, it will mdicate the maximum pressure 
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(Fig. 115). In the dog the maximum pressure in the left 
ventricle may be 140 mm., in the right ventricle 60 mm., and 
in the right auricle about 20 mm. Hg. The use of the mini¬ 
mum manometer reveals the striking fact that, at some period 
of the cardiac cycle, there is a negative pressure in the 
ventricle; that is to say, the mercury is sucked up in the 
limbs of the manometer towards the heart. This negative 
pressure may amount to 30 or 40 mm. Hg. m the left ventricle, 
to 15 mm. in the right ventricle, and to 7 or 8 m the right 
auricle. 

If however we register the variations of endocardiac pres¬ 
sure by means of a manometer which is suflSciently accurate 


Fig. 116 

[ to manomGte>* 



rrHn valve 


to heart 

V Flank’s valvo This is placed in the com sc of the tube between 
lieait aud manometer, so that the latter may be used as a maximum, 
mmimiim, oi oidinary manometer accordinfj to the tap which is 
left open 


to lecoid the quick changes in pressure that occur in the 
ventricle with each heart-beat, we get a curve like Fig. 116. 
By registeimg this curve simultaneously with that of the 
blood-pressure in the aorta, we may determine what events 
are occurring during each phase of the curve. The auiicular 
systole m some tracmgs causes a small rise of endocaidiac 
pressure, lepresented by an elevation on the curve which 
would occur before the ordmate 0. It generally lasts about 
0 05 second. It is not represented in the cuive reproduced 
in Fig. 116. This is immediately followed by the ventricular 
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contraction, which lasts from o to 2 . From o to i the ven¬ 
tricle is getting up pressure, so that at i the intraventricular 
pressure is equal to the aortic pressure. This process takes 
from 0'02 to 0‘04 second. Directly the intraventricular pressm’e 
rises above this point the aortic valves open and blood is 
driven into the aorta. The outflow of blood lasts from i to 2 , 
about 0‘2 second. At 2 the ventricle suddenly relaxes, the 
period of relaxation occupying about 0’05 second. The flat 
part of the curve is often spoken of as the systolic plateau, 
and on an average occupies about 0-18 second. According to 
the condition of the heart and peripheral resistance, this 
plateau may present a gradual ascent or descent {v. Fig. 124). 


Pio. 116. 



01 23 01 23 

Curve of mtraventrioulai pressure, v, compared with pressmo 
in aorta, a, Elaoh vibration of time-marker sec 

(Hiuthle) 

Almost immediately after relaxation commences the intraven¬ 
tricular iDressure falls below the aortic, so that the aortic 
valves close somewhere near the upper part of the descent 
(at 3 ). 

Negative Pressure ,—It will be noticed in the cui ve of endo- 
cardiac pressure that the line drawn by the lever descends 
slightly below the base line at the end of systole. This is the 
period at which the negative pressure occurs. This is however 
of such shoit duration that the most delicate manometers fail 
to show its maximum value. Several explanations have been 
suggested for the production of this negative pressure. When 
the flow of fluid through a tube is suddenly interrupted, the 
column of fluid, which has a certain degree of inertia, tends 
to go on, so that a negative pressuie is produced in its rear. 
If however the negative pressure in the ventricle were due to 
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the sudden cessation of flow through the first part of the aorta, 
we ought to obtain with the miniTTinm manometer a negative 
pressure at the root of the aorta equal to that found m the 
ventricle. But this is not the case, so that the cause of the 
negative pressure must be sought in the ventricle itself. It is 
piobably due to the fact that during ventricular contraction 
the base of the heart, iacludiag the orifices of the pulmonary 
artery and aorta, is constricted. Directly the ventricle relaxes, 
the pressure of blood in these two trunks causes a dilatation 
of their bases, and therefore of the base of the heart. This 
dilatation of the base of the heart mcreases its capacity, and 
so creates a negative pressure m the ventncular cavities. 
This mode of production of the negative pressure may be 
illustrated experimentally by connecting a manometer with the 
mterior of either of the ventricles of an excised heart, that has 
ceased beating, and then forcing fluid into the aortic and 
pulmonary arteries. With each distension of the arteries so 
pioduced the mercmy m the manometer sinks, showing the 
production of a negative pressure m the ventricles. 

It is possible also that the ventricles exert some expanding 
force as they return from a contracted to an uncontracted 
condition. 


The Cardiac Impulse {Apex-heat) 

The movement of the heart at each conti action is com¬ 
municated to the chest-wall, over a limited area of which it 
may be felt and seen, except m fat individuals. The region 
whence the pulsation of the chest-wall is most marked lies in 
the fifth intercostal space, a little to the median side of the 
left nipple. The pulsation is often spoken of as the apex-beat, 
and was formerly thought to be due to the twistmg forward of 
the apex at each systole, but really lies considerably above the 
apex of the heart; and as we have already seen, the apex, so 
long as the pericardium is intact, is relatively motionless. 

During diastole the ventricles form a flabby flattened 
cone lying agamst the chest wall and slightly deformed by 
the latter. In systole the ventricles contract forcibly on the 
contamed fluid, and become hard and rigid, assuming the 
form of a rounded cone. This sudden recovery of shape and 
hardening of the ventncplar wallp pushes gut the part of the 
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chest-wall m immediate proximity to the ventricles, and so 
gives rise to the ‘ apex-beat.’ 

The cardiac impulse may be registered by means of a 
cardiograph. In nearly all forms of this instrument a 
button, resting on the chest-wall, transmits the movements of 
the latter to a tambour, which again is connected by a tube 
to a registering tambour. One such instrument is shown in 
Fig. 117. 

The curves so obtained, which are known as cardiograms, 
may vary considerably in the same subject accordmg to the 
pressure employed and the exact spot at which the tambour 


Fig 117 



A oaidiograph This is stiappod round the ehoat, the cential 
button IB applied to the ‘ apex-beat ’ and its pressure on tho 
cbest-wall legulated by means of the tliroo aciews at the 
Bides. The tube at the upper part of tho instrument selves 
to connect the dium of the caidiograpli with a logibtenng 
tambour such as that shown in Fig 118 

IS applied. Then interpretation often pieseiits consideiable 
difficulties, owing to the fact that their form is conditioned by 
two factois, VIZ.. 

(1) The actual size (antero-postenor diameter) of the 
ventricles. 

(2) The resistance to distortion {ix the tension) of the 
ventricular wall. This factor will increase in importance 
with mcreasing pressure of the cardiograph button on the 
chest wall. 

Fig. 118 represents a cardiogi-aphic tiacing or cardiogram, 
which may be spoken of as typical. In oider to interpret 
this curve, we must record at the same time either the inti a- 
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ventricular pressure in animals, or the heart-sounds m man.^ 
Applymg the latter method we may obtam the curve shown 
in Pig. 119. In this curve it will be seen that the first heart- 


Fig 118 



sound, correspondmg to the ventricular systole, begms, not 
at the commencement of the rise of the cardiogram, but at 
the notch near the top of the ascent. From this fact we may 

Fig 119. 



1 2 


Oaidiogiam (d) with Bimultaneoua leeoid of heart-sounds (a) 
(Hiiithle) 1 Position of first heart-sound 2. Position of 
second heart-sound. 

conclude that the first part of the ascent is caused by the 
auricular systole forcing blood into the ventricle, the ventri- 

* This mechanical record of the heart-sounds has been successfully 
accomplished by Hflithle His method consists in an application of the 
microphone A special form of stethoscope is so arranged that by its means 
the vibrations coiresponding to the lieait sounds are transniiUed to a contact 
between silver and carbon. Through this contact a stiong'cunent is passing 
This also passes thiough an electromagnet, which attiacts an iron disp 
attached to the meinbiane of a Marey’s tambour Any vibration transmitted 
to the carbon-silver contact altei*s its lesistance, and so the stiength of the 
current passing through the electio-magnet. In this way the heait-sounds can 
affect the pull exerted by the electro-magnet on the membrane of the tamboui, 
and the change in the volume of the contained air is lecoided by means of an 
ordinary registei mg tamboui 
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ctdar systole being marked by the notch near the top of the 
curve. In Fig. 118, taken from the dog, the auricular curve 
is more distmct as a slight elevation preceding the rise due 
to the contraction of the ventricles. Other forms of curve 
however are often obtamed, which show considerable differ¬ 
ences from the endocardiac pressure, and are spoken of as 
atypical. They are often conditioned by a faulty position 
of the cardiograph. 
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r- SbOTION 8 ^ 

THE PULSE W/wM/'<S‘ 

If the finger be placed on some artery, such as the radial, 
we feel an expansion of it occurring at regular intervals 
corresponding to the heart-beats. On the tracing of a mer¬ 
curial manometer we saw a similar rise and fall produced 
by each heart-beat. So the pulse may be defined as the 
expansion of the artery under the increased blood-pressure 
caused by each ventricular systole. Just as the blood-pres¬ 
sure dimimshes from heart to periphery, so the pulse 
diminishes in size as we get farther away from the heart. 

If the arterial system were perfectly rigid, the increased 
pressure due to the forcing of blood into it by each ventri¬ 
cular systole would occur almost simultaneously over every 
point of it. In the elastic distensible arteries however, the 
first effect of the inflow of blood mto the aorta is to distend 
a section of the aorta nearest to the heart. The elastic re¬ 
action of this forces a portion of blood on into the next 
section, distending it in its turn. And so the increased 
pressure is transmitted from segment to segment of the 
arteries, in the form of a wave, at the velocity of about five 
metres per second. We must be careful not to confuse the 
velocity of the pulse-wave with that of the blood. The 
velocity of the blood m the aorta is not more than half a 
metre per second, and gets less and less towards the periphery. 
The pulse-wave may be compared to a wave produced by the 
wind travelling rapidly down a sluggishly flowing river. 

We will make this difference clearer by an illustration. If 
the hindmost of a row of billiard balls be struck sharply with 
a cue, the foremost ball flies off and the others stop still. In 
this case the energy imparted to the first ball by the stroke 
has been transmitted from ball to ball, just as the effect of the 
ventricular contraction is transmitted from section to section 
Df the arterial blood-stream. If the balls are struck so that 
jhe cue continues pressing on the hmdmost after the stroke is 
iehvered, the front ball flies off, while the others move slowly 
ilong m the direction of the stroke. In the arteries this 
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continuous pressure is furnished by the elastic reaction of the 
arterial wall, and we see how the impact of the blood may 
travel quickly along as a wave of mcreased pressure, while the 
blood itself is movmg slowly along, impelled by the elastic 
reaction of the arterial wall. 

To study the pulse more fully it is necessary to obtain 
a giaphic record of the expansion of the arteiies, or, what 
comes to the same thing, of the exact changes in pressuie 
which produce this expansion. The curve obtained with the 
mercurial manometer shows elevations corresponding to the 
pulse; but the instrument is far too sluggish to record the 
finer variations of pressure. For this purpose a manometer 
such as Hurthle’s, which has very little inertia, must be 
used. 

The expansion of the artery is registered by means of a 
lever which may be made to rest more or less heavily upon 


Fiat 120 



the artery, and the movements of which are lecorded on a 
blackened sm’face. Such an instrument is called a sphygmo^ 
g)aplh. Of the many forms of sphygmographs, Maiey’s or 
Dudgeon’s is perhaps the most convenient for clinical pur¬ 
poses (Fig. 120). 

The principle of Marey’s sphygmogiaph is shown in Fig 120 The huttoii 
(b) 13 adjusted so as to press on the Adial ailoiy Its ino\eiiionts aie tiana- 
mitted to a lever (m) The screw on this woiks on a sniall cogged wheel at (o), 
which is also the axis of the wilting lever (1) The inoveiiiGnts of tho button 
(b), thus transmitted to a point near the axis of (1), aio lepioducod by tins 
level highly magnified, and as such are reooidod on a blackened bin face The 
pressuie on the artery can be adjusted by means of tlie sciew (s) 

Dudgeon’s sphygmograph (Fig 121) is lathci eaaici to use tliuii Malay’s, 
and is therefore largely employed foi clinical puiposes It ih piovidoil with 
a dial by which the pressure on the oiteiy can be guuluati'd, and hns a sniall 
clockwoik arrangement for moving along the slip of smoked papoi on which 
the records are taken The arrangement of tho levels in this foim of spliyg- 
mogiaph IS shown m Fig 122, where p is the (adjustable) spiing bcaiiiig by its 
button p on the aitery The up and down niovcinonts of r aio tiansniitted 
to B being much magnified and conveited into side to side niovemonts Tho 
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point of s rests on the blaokened surface represented in section at a, and 
soratohes on this, when moving, a magnified record of the expansion of the 
artery under the knob p 

Either form of sphygmograph is generally apphed to the radial artery 
smoe this is near the surface and is supported by bone, and the arm is well 

Fig. 121. 



Dudgeon’s sphygmograph, showing its mode of apphoation 
to the radial artery. 


adapted for the apphoation of the sphygmograph. The pulsS'Carve obtained 
by means of a sphygmograph vaiies according to the artery employed and the 
force with which the lever presses on the artery, but all the curves present the 
same general features 

Pig 122. 



Diagram of arrangement of reoordmg lever m Dudgeon’s 
sphygmograph. 

Fig. 123 represents a pulse-curve taken from the radial 
artery. 

It will be noticed that the elevation due to the expansion 

15 
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of the artery is sudden and uninterrupted. We have already 
explained that this is due to the sudden pumping of blood 
into the first part of the aorta, whence the impulse is trans¬ 
mitted as a wave along the arteries. The curve descends 
gradually tiU the next beat occurs, since the elastic reaction 
of the arteries, which tends to keep up the pressure, acts 
more constantly and steadily than the heart-beat. On this 
descending part of the curve are seen two or three secondary 
elevations, (b) is the primary or ‘ percussion ’ wave, (c) the 
predicrotie or ‘ tidal ’ wave, and (e) the dicrotic wave. Eleva¬ 
tions may occur on the curve after (e), which are called post- 
dicrotic waves. It is better however, for reasons which 
we shall see presently, to class the elevations before the 
dicrotic notch (d) as systolic elevations, and those afterwards, 
including the dicrotic elevation itself, as diastolic. Eoi the 


PiQ 123. 


1 

III 


Sllllll 


III 


Palse-ourve from radial artery 


exact understanding of these elevations, it is necessary to 
take simultaneous tracmgs of the pressure in the left ven¬ 
tricle and the aorta. In this way we may dissociate the 
waves caused by the ventricular systole from those havmg 
their origin in the aorta. In Fig. 124 are represented typical 
tracmgs of cardiogram, mtraventiioular pressure, and aortic 
pressm’e taken simultaneously. The dotted lines are drawn 
through synchronous parts of the curves. Consideiing first 
the dotted part of Curve II and Curve IV,' we see that the 
contraction of the ventricle begms at a ; the rise of lutra- 
vmtricular pressure from a to b is without effect on the aoitic 
pulse; at b the intraventricular is exactly equal to the aoitic 
pressure, and then rapidly rises above it. Since tlie aortic 
valvefi offer no resistance to the flow of blood from ventiicles 

' Oulve IV m Pig 124 must be compaied with the pulse-tiacing taken 
from the radial ai-tery in Fig 123 It will be seen that, apait from the fact 
that Fig 124, rV, IS more lengthened out than Fig 123, owing to the gieat 
rapidity of the reooidmg apparatus, the curves aie pnictically similai 
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to aorta, they must open so soon as the intraventricular 
exceeds the aortic pressure, and this is shown to be the case 
by the rise of pressure in the aorta. Prom b to o the 

Fig m. 


A B 0 D 


4 B 0 D 



Diagram (after Hmfchle) showing simnltaneouB cardiogiaphlc, 
endooardiao, and aortio curves I Oordiogiom II Endo- 
oardiao pressure. EH Aortio pressure, EV. Aortic pressure, 
corresponding to dotted endooardiao curve in II 


ventricle is still contracting and forcing the blood into the 
already distended aorta, so causmg a rise of pressure. At 
0 the ventricle relaxes, the intraventricular pressure falls 
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quietly, and at n has fallen below the aortic pressure. The 
aortic valves must now close, since the pressure is greater on 
their aortic side. The fall of pressure in the ventricle now 
goes on uninterruptedly, but in the aorta there is a sharp 
elevation immediately after n. This elevation is the dicrotic 
wave. We thus see that it comes immediately after closure 
of the aortic valves. 

There are several factors at work tending to produce a 
secondary wave at this point. 

If a column of fluid moving along a tube (a, b. Pig. 125) 
provided with a stopcock (c) and a manometer (m) be suddenly 
checked by turning the cock (c), the column in front of the 
cock, having a certain momentum, will tend to go on moving, 
and therefore produce a suction or negative pressure behind 

Fia 126 




m 


» II 
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xt. This will be indicated by a depression of the level of the 
manometer. The fluid will flow back to fill this parkal 
vacuum, and so a series of oscillations in the column, getting 
pTriftllnr and smaller, are produced, which are recorded by the 
manometer as oscillations of pressure. The same thmg 
must occur in the begmnmg of the aorta, when the inflow 
of blood from the ventricle suddenly ceases with the end 
of the ventricular contraction. In this case however the 
oscillations are increased by the elastic reaction of the arterial 
wall, just as a weight which is suddenly applied to a piece of 
elastic swings up and down before it comes to rest with the 
elastic in a permanent condition of tension. These two factors 
combine in producing a negative wave in the begmnmg 
of the aorta at the end of the ventricular systole, the 
blood driven up against the aortic valves closing them tightly 
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and putting them on the stretch. The negative wave, evei 
in the rigid tube, is followed by a positive wave in tb. 
opposite direction. In the aorta this positive wave is in¬ 
creased by the elastic reaction of the stretched aortic valves, 
BO that we may regard the blood as being driven up against 
them by the negative pressure, and then rebounding like 
a biUiard ball from the elastic cushion, to give rise to the 
dicrotic elevation. 

The post-dicrotic waves, when present, are probably due to 
the waves of oscillation. 

We have now to consider the elevations in the first part 
of the curve, which we have spoken of as systolic elevations, 
and which include the pre-dicrotic elevation. It will be seen 
that they are also represented on the ventricular curve, and 
occur while the aortic valves are open and blood is flowing 
from the ventricle into the aorta. They are probably due to 
the elastic vibrations of the aortic wall, and perhaps of the 
heart-wall itself, started by a sudden increase of tension in 
the aorta and heart. 

The general form of the pulse-curve varies with changes 
in the heart, in the arteries, and in the peripheral resistance. 
Thus some curves may present secondary elevations on the 
ascendmg part, as in Pig. 124, III, and are called anacrotic, 
while m others all secondary elevations occur on the descend¬ 
ing part. This latter type is called hatacrotic, and is the 
tracing usually obtained from a normal radial artery. By 
comparmg these two types of curves with the corresponding 
intraventricular pressures, we find that, in both cases, blood 
is flowing into the aorta dm-ing the whole time from the 
beginning of the primary elevation to the notch just before 
the dicrotic elevation. This is shown by the fact that the 
intraventricular pressm'e is all this time slightly higher than 
the aoitic pressure. So long as this is the case blood must 
flow from ventricle into aorta. (This fact shows that there 
is normally no part of the cardiac cycle during which the 
ventricle remains contracted and empty, the ventricle in all 
cases relaxing before it has completely emptied itself of 
blood.) 

Now it is easy to see the conditions which determine 
whether the systolic plateau shall be ascending or descend¬ 
ing, and therefore when the pulse shall be anacrotic or 
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katacrotic. If, after the first sudden rise of pressure in the 
aorta, the blood can escape more rapidly through the peri¬ 
pheral resistance than it is thrown into the beginning of the 
aorta, the systolic plateau will sink, and a katacrotic pulse 
tracing is obtained. If on the other hand the peripheral 
resistance is high, or an extra large amount of blood is 
thrown into the aorta at each stroke of the heart {e.g, by pro¬ 
longation of the diastole), the aortic pressure wHl rise so 
long as blood is flowing in, and we get an ascending systolic 
plateau and an anacrotic pulse. Thus we obtain an anacrotic 
pulse in old people with Bright’s disease, in whom the peri¬ 
pheral resistance is very high, and also in animals when the 
heart is slowed by vagus action. 

The production of the dicrotic elevation is favoured by 
any influence which increases the elastic resiliency of the 
arteries or causes the primary elevation of the pulse to be 
rapid and sharp. Thus it is much more pronounced in young 
people than in old people, whose arteries have become rigid. 
Where the peripheral resistance is low through relaxation of 
the arterioles, and the heart is beating forcibly, as in many 
cases of fever and also to some extent after a good meal with 
alcohol, the dicrotic elevation becomes very marked. Under 
such circumstances it may be easily felt with the finger at the 
wrist, and in many cases the mistake has been committed of 
taking the dicrotic wave for a normal beat, and so doubling 
the rate of the pulse. 

In tracings of the artificial pulse obtained from tho aiteiial schema, 
secondary elevations are observed on the descending pait of the cuito, which 
are not explained in any of the above-mentionod ways These waves are the 
reflections of the primary wave from the peripheral resistance This is shown 
by the fact that the nearer to the peripheral resistance wo record the pulsation, 
the nearer is the secondary to the pnmary wavo Near tho pump tho two 
waves may be separated by a considerable mtoival (Fig. 120). 

It has been thought that some of the oloviitioiis in the noimal pulso-curvo 
could be explained as reflected waves This thooiy is at once excluded by 
the fact that wherever we take the pulse tracing, whether fiom tho aorta, 
carotid, radial, or dorsoJis pedis, the secondaiy elevations aro always situated 
the same distance from the beginning of the primai’y elevation, showing that 
all these waves are centrifugal, and have then oiigin in the beginning of the 
artenal system 

Besides, a single leflected wave from the multitudinous pciiphcml divisions 
would be impossible, as the reflected waves from any ono pai t would bo interfered 
with and destroyed by the reflected waves coming from all tho other parts A 
reflected wave would be increased by a high peripheral losistancc, and not 
diminished as the dicrotic wave is. 
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Eig. 126. 



Pulae-eurvea described by a series of spbygmograpbio levers placed 
at intervals of 20 cm. from each other along an elastic tube, into 
which duid IB foioed by the sudden stroke of a pump The pulse- 
wave is travelling fiom left to right, as indicated by ^e arrows over 
the primary (a) and secondary (b, o) pulse-waves. The dotted vertical 
lines drawn from the summit of the several primary waves to the 
tuning-fork curve below, each complete vibration of which occupies 
^ sec , allow the time to be measured which is taken up by the wave 
in passing along 20 cm. of the tubing The waves ^a') are waves 
reflected from the closed distal end of the tubmg, this is indicated by 
the direction of the arrows It will be observed that in the moie 
distant lever (VI) the reflected wave, havmg but a slight distance to 
travel, becomes fused with the primary wave (From Foster, after 
Marey) 
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YmouB Pulse .—Under certain conditions the pulse may be 
carried on from the arteries through the capillaries into the 
veins, giving rise to a venous pulse. Thus stimulation of 
the chorda tympani nerve causes all the arterioles of the 
Bubmaxillary gland to dilate. The peripheral resistance is 
in this manner so lowered that it is msufficient to destroy 
the arterial pulse, and on cutting the veins from the 
blood spurts mtermittently from their peripheral end. Lower¬ 
ing the resistance in this case has produced the same effect 
as unclamping the tube (Pig. 100) in the arterial schema. 

On attaching a manometer to the central end of the 
superior or inferior vena cava, elevations are observed 
corresponding to the variations in the auricular pressure. 
These are double for each heart-beat. While the ventricle 
is contracting there is a slow rise, due to the fact that the 
blood, which is flowing in from the veins, cannot escape into 
the ventricle, and so distends the auricle; a second short 
sharp elevation of pressure is produced by the auricular 
systole. 

Alterations of venous pressure, determined by the respira¬ 
tory movements, are also to be observed in the great veins, 
the pressure sinking during mspiration and rising during 
expiration. These may be spoken of as the respiratory venous 
pulse. 
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Shotion 4 

OAEDIAO EHTTHM 


If the heart be rapidly cut out of the body, it will con¬ 
tinue beating in a normal fashion for some time—in the case 
of mammals from five to ten minutes; in the case of cold¬ 
blooded animals, such as the frog or tortoise, for some hours or 
even days. We say therefore that the rhythm of the heart is 
automatic ; and we have now to discuss wherein this automatic 
rhythmicity lies. The circumstance that the cold-blooded 
heart goes on beating so long, when severed from all connec¬ 
tion with the body, has caused it to be much used in investi¬ 
gations on the subject, and from it most of our knowledge has 
been acquired. 

Methods of In'oestigation 

The contractions of the frog’s heart may be recorded by 
magnifying its movements by means of a light lever, one end 
of which rests upon the ventricle, while the other end is made 



to write upon a blackened surface—or, as in Gaskell’s method, 
by clamping the heart in the auriculo-ventricular groove, 
and attachmg threads from auricle and ventricle to two 
levers which are arranged to write one over the other. Or 
we may register the changes in the intraventricular pressure 
by allowing dilute blood or some other nutrient fluid to 
flow through a perfusion cannula tied into the ventricle, and 
attaching the exit-tube of the cannula to a small mercurial 
manometer. 

Another way is to register the changes in volume of the 



284 


PHYSIOLOGY 


heart (Fig. 127). The ventricle is tied round a perfusion 
cannula, and is inserted into an air-tight vessel containing 
oil. On one side of the vessel is a tube, in which a lightly 
moving piston is fitted, to which a writing lever is attached. 
Fluid IB passed through the heart by the perfusion cannula at 
a constant pressure. The changes in volume are indicated by 
the movements of the piston. 

Anaiotny of the Frog’s Heart 

The frog’s heart differs anatomically in several respects 
from the mammahan heart. It consists of sinus venosus, two 
auricles, one ventricle, and bulbus arteriosus. The venous 
blood from the body flows into the sinus venosus by the three 


Pio. 128 



Diagram of frog’s heait (after Oyon) V Ventricle liA., 

LA. Eight and left auiicles (atnnm) SV Sinus vonosiis 
P.V Pulmonaiy veins LV.O.S and EVOS Loft and light 
Bupeiioi vena cava. YCI Vena cava inferior TrA Tiuncus 
arteriosus 

vense cavse, and thence into the right auricle. The left auricle 
receives the blood from the lungs. The ventricle thus receives 
mixed arterial and venous blood. 

The muscular fibres of the heart are less highly developed 
than those of the mammalian heart. They are spindle- 
shaped, and only dimly cross-striated. The cross-strialion 
becomes more distinctly marked as we proceed from sinus 
to ventricle, the smus muscle-fibre representing the most 
primitive condition. There is complete muscular continuity 
between all the cavities of the heart. The circular ring of 
muscle at the junctions of sinus with amricles, and of auricles 
with ventricles, presents only slight traces of cross-striation. 

The heart is well supplied with nerve-fibres and ganglion- 
cells. The two vagi enter the sums venosus, and branch just 
under the pericardium. Here they become connected with a 
collection of nerve-cells, spoken of as Hemak’s ganglion. 


[ 
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From the smus, the two vagi, now called septal nerves, pass 
down m the interanricular Beptinn, one in front and the other 
behind. Near the auriculo-ventricular groove they enter two 
coUectionB of ganglion cells, called Bidder’s ganglia. From 
these ganglia non-meduUated fibres are distributed to sur¬ 
rounding parts of the auricle and to the whole of the ventricle. 
In the upper third of the ventricle occur scattered ganglion- 
cells attached to the nerve-fibres. These are quite absent in 
the lower half or two thirds 

The AutomaHo Contraction of the Frog's Heart 

The frog’s heart in the body, or when removed from the 
body intact, beats regularly, the contraction starting m the 
sinus, then travelling to auricles, ventricle, and bulbus. If 
however the heart be removed by cuttmg it across the sino- 
auricular junction, or if the auricles be functionally separated 
from the sinus by a Ugature round this junction (Stanmus’ 
ligature), the auricles and ventricle stop dead in an uncon¬ 
tracted condition (diastole) while the sinus goes on beating 
regularly. After the lapse of a period varying from five 
minutes to half an hour the detached part of the heart begins 
to beat, at first slowly and then more rapidly, but never 
attaining the rate of the sinus. The auricles beat first, and 
then the ventricle. 

If now the ventricle be cut away by an incision in the 
amuculo-ventricular groove from the auricles, the latter go on 
beatmg; while the former, after a few beats due to the excita¬ 
tion of the incision, stops still, and only after a considerable 
time may begin again to contract very slowly. 

On the other hand, a ventricle-apex preparation (that is to 
say, the lower two thirds of the ventricle separated func¬ 
tionally from the rest of the heart) never beats again under 
normal circumstances. To single stimuli it responds with 
a single beat, not with a series of beats as the whole heart 
does. 

If the lower third of the ventricle be separated functionally 
in the living frog by crushing the ring of tissue between it 
and the upper third, it never gives a spontaneous beat agam, 
although it is under the most normal conditions possible 
in the circumstances. There is thus a descending scale of 
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automatic powr in the different parte of the frog’s heart— 
from the sinus, where it is highest, to the lower part of 
the ventricle, where it is apparently absent. From this fact 
it has been thought that the automaticity of the frog’s heart 
is dependent on the ganglia present in it. The contraction 
was supposed to be started by impulses proceeding from 
the sinus ganglion. If this were out off, Bidder’s ganglia, 
or the scattered cells in the upper third of the ventricle, 
could, it was thought, take up its task of originating impulses. 
The muscle-cells under this hypothesis act as the servants of 
the ganglion cells, just as the voluntary muscles wait on the 
commands of the cells in the spinal cord and brain. 

But we have evidence that the muscle-cells do not play 
so subordinate a part as this in the heart, and that the larger 
gangha, at any rate, are of very little importance in initiatmg 
the rhythm. Eemak’s and Bidder’s ganglia may, with care, 
be excised without markedly interfering with the normal 
rhythm or sequence of contraction. The ventricle apex may 
be made to contract rhythmically if the pressure on its 
interior be slightly increased, either by clamping the aorta in 
the living frog, or by supplying a ventricle-apex preparation 
through a perfusion cannula with diluted blood at a pressare 
rather above the frog’s normal blood-pressure. A strip cut 
from the apex of the tortoise’s ventricle may be made to 
beat rhythmically, if it be hung in a moist chamber and 
stimulated at intervals with weak induction-shocks. After 
a time the strip begins to beat of its own accord, and beats 
rhythmically for many hours. 

It seems probable then that the automaticity of the heart 
is inherent in its muscular tissue, the difference in the auto¬ 
matic power of the various parts being dependent on their 
different histological characters. The lowly differentiated 
sinus-cell has high rhythmic power and a quick rhythm of 
beat, but contracts feebly. The more highly differentiated 
ventricle-cell has only shght rhythmic powei, but beats for¬ 
cibly, and is a good servant of the sinus. If all parts of the 
heart had equal rhythmic power or the same rate of rhythm, 
there would be no reason why any one part of thei heart 
more than another should initiate the beat. As it is, the beat 
always starts in the part beating with the greater frequency, 
viz. the sinus. In some animals this difference of rhythmic 



THE VASCUIAE WECHAEISM 


237 


power is less marked, and the contraction may start from 
either end of the heart. Even in the frog, the heart-cavities 
may be made to contract with a reversed sequence, %.e. in the 
order of ventricle, auricles, sinus, by artificially stimulatmg 
the ventricle at a rate esceedmg the normal sinus rhythm. 

Propagation of the Wave of Contraction m the Frog’s 

Heart 

The next question is: How is the excitatory process con¬ 
ducted from siauB to auricles and thence to ventricle? It 
was formerly thought that this conduction was effected 

Fig. 129. 


SiNUi 



Ventricle 


Tortoise’s heart (after GaskeU) as it appears when suspended 
for registering the aunoulor and ventnoular contraotionB 
N, nerve-trunh with fibres connecting Bemak’s and Bidder’s 
gangha; Oor y, coronary vein. 


through nerves. It has however been shown by Gaskell in 
the tortoise’s heart, where the nerve-trunks run apart from 
the auricles from sinus to ventricle, that division of these 
trunks causes no alteration in the rhythm of the ventricle. If 
however the auricles be cut through, leaving the ventricle 
attached to the emus by the nerve-trunks, the sequence of 
beats is utterly lost. 

The auricles may be slit up by mterdigitating cuts, by 
which all nerve-trunks must mfallibly be divided, and yet 
the wave of contraction passes from the sinus over the auricles 
round the mterdigitating cuts to the ventricle. 

There is a distinct pause between the contractions of 
auricles and ventricle. This was supposed to point to the 
intermediation of nerves m the transmission of the excitatory 
process across the groove. The pause however is probably 
due to the fact that the muscle-cells forming the auriculo- 
ventricular ring are very slightly differentiated, and so con- 
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tract and conduct slowly, i.e. this muscular ring presents 
a partial ‘ block.’ 

The auricles may be made to heat in two halves by merely 
dividing the sinus half from the ventricular half, leaving thaTn 
connected by a very narrow strip of auricular wall. In this 
way a block is produced at the cut. The sinus contracts, 
then the upper part of the auricles. This is followed by a 
distinct pause, during which the excitatory process is passing 
the block. The ventricular half of the auricles then con¬ 
tracts, followed by the ventricle and bulbus. 

We may conclude that a normal contraction of the frog’s 
heart originates in the muscular wall of the sinus, and 
travels as a wave from muscle-cell to muscle-cell, over the 
auricles and ventricle; the apparent pauses between sinus 
and auricles and auricles and ventricle being due to the low 
conducting power of tlie muscular tissue connecting these 
cavities. 

It will be seen from what we have already said that the 
contraction of the heart is to be looked upon as a single con¬ 
traction wave, propagated from one end of the heart to the 
other, just as a wave of contraction passes along the sartorius 
(though at much quicker rate and of shorter duration) when 
this muscle is stimulated at one end. 

Sonie Properties of the Cardiac hhiscle 

Contraction always maxmial .—In sevoral points however 
the properties of cardiac muscle differ from those of ordinary 
striated muscle. Its automaticity and power of respondmg 
rhythmically to continuous stiimili have already been men¬ 
tioned. The height of contraction of a voluntary muscle is, 
within certain limits, proportional to the slrongth of stimulus. 
If the ventricle, rondorod niotionloss by a Htanmus’ ligatuie, 
be stimulated with a siiiglo iiidiiction-shnck, it always re¬ 
sponds with a mavimal contraction, whether the stimulus 
applied bo minimal or luaMiiial. There is thus no propor¬ 
tionality in the heart between sti’ongth of stimulus and 
height of conti action. Tho lieait, if it contracts at all, 
always contracts to its utmost. Tho height of the contrac¬ 
tion is dojiondent on tho condition of tho muscle at the tune, 
but not on the strength of stimulus. 

‘ Btnircase ’ phenomenon .—If tho frog’s ventricle has been 
at rest for somo tiiiii', a single contraction makes the heart 
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more excitable and in a better condition. So if, in a Stannius’ 
preparation, vie excite the ventricle with single induction- 
shocks once in every 10 seconds, the first four or five con- 

Fis. 180 . 


Group of pulsations Bhowng ‘ staircase * character. 


tractions form an ascending series, each contraction being 
rather higher than the preceding one. 

Summation of stimuU,—In a similar preparation it is easy 
to demonstrate the summation of stimuh, -which was described 
in deahng with unstriped muscle. If the ventricle of a 
Stannius’ preparation be stimulated with inadequate shocks, 
it is found, on repeating these shocks at short intervals of 
time, that they become adequate, and cause a contraction of 
the ventricle. The subsequent contractions then show the 
progressive augmentation just described as the ‘ staircase.’ 

Influence of te^ision .—Much the most important factor 
affecting the strength of the cardiac contractions is the 
tension of the muscle-fibres. Within certain limits the 
energy of contraction of the cardiac muscle increases with 
the tension {i.e, resistance to shortening) to which the 
muscle-fibre is exposed. This effect can be seen when the 
resistance to the outflow of blood from the heart is increased, 
and the resistance is only experienced dui mg the contraction 
of the heart-muscle. It is much better marked however 
if the alterations of tension take place before the contraction, 
i.e. during the diastole. In this case we observe that 
within wide limits the heart contracts more forcibly the 
greater its distension during the diastolic period. This effect 
of the initial tension on the force of the ventricular beats is 
well shown in Fig. 131, representing tracings taken from the 
frog’s ventricle under increasmg mitial tensions. In this 
case the heart was contractmg isometrically, i.e. against 
a strong elastic resistance, so that the curves are a true 
representation of the actual energy displayed by the heart. 
In all cases the heart was unable to expel any of its contents, 
so that the difference in height of the curves is due solely to 
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period, in which stimuli applied to the heart have no effect. 
This will be followed by a period in which a stimulus is 
followed by an extra contraction, but with a prolonged latent 

Pio. 132. 



TraomgB of spontaneous oontiaotions of frog’s ventricle, to show 
refractory penod. In each senes the surface of the ventiicle 
was stimulated by on induction shook at e, as indicated by the 
tracing of the signal In 1, 2, and 3, this stimulus hod absolutely 
no effect, since it fell during the refractory period. In 4, 5, 6, 7, 
the effect of the shock was to interpolate an extra contraction in 
the senes, the latent ponod /shaded part) gradually diminishing 
from 4 to 7 (diastolic rise oi irritability). In 8 the. irritability 
of the pieparation was already consideiable, and the latent penod 
mappreciable. The * compensatory pause ’ after the extra beat is 
also well shown in 4, 6, 0, 7, 8 {Moiey) 

eriod. Just before the next spontaneous contraction the 
Titability is at its height, and the heart-muscle responds 
ith a contraction to a minimal stimulus. These facts are 
'ell shown in Fig. 132. 


16 
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the varying tension of the fibres at the beginning of the con 
tractile process. 

Of course if the initial tension be continually increased, w 
finally arrive at a point at which this peripheral reactivf 
mechanism gives way ; the heart is unable to contract agains 
the great resistance and becomes permanently stretched anc 
damaged. 

The refractory period .—At each contraction of the heart 
muscle there is a sudden decomposition of contractile mate 
rial which, so far at least as concerns the incidence of ar 
external stimulus, is maximal, i.e. complete. Directly this 
has occurred a process of assimilation or re-formatioi 
of contractile material starts. This lasts throughout th( 

Pio. 131. 


N 


Isometric oontiaotoons ot frog’s ventnole The initial tension was 
continually inoi eased from ourve 1 to ciuvo G, each increase of 
tension causing a greater energy of contraction (v. Finnic) 

diastolic period, and the store of contractile material is at 
its Tngvimnm just before the next contraction. We may in fact 
compare the process to a bucket, into which a stieam of 
water is constantly flowmg, and which tips up automatically 
and empties out its contents as soon as the watei reaches a 
certam height. It is evident that the power of the heart- 
muscle to contract in response to a stimulus (its in liability) 
must be at a TniniTYinm immediately after the automatic dis¬ 
charge, or decomposition, has taken place, and will con¬ 
tinually increase from this point as the store of contractile 
material grows, until it arrives at such a height that the 
explosive discharge occurs spontaneously. Hence in each 
cardiac cycle there is a period, known as the refractory 
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Bhythtn of Mammahan Heart 

So far as we know, the process of contraction in the 
Tr»i.mTnB,1ifl.n heart is essentially the same as in the frog’s 
heart. The contraction starts in the terminations of the 
great veins, and travels thence over the auricles. A pause 
of about one-tenth of a second occurs, and then the venteicles 
contract, the contraction starting at the base and travelling 
thence as a wave to the apex. 

The wave-like progression of the excitatory condition in 
the ventricle can be well shown, as m the frog, by leading 
off the base and apex of the exposed ventricle to the two 
terminals of a capillary electrometer. We then get in many 
cases a diphasic variation differing only in the shorter dura¬ 
tion of its phases from that described for the frog’s heart. 
We can in fact (as was shown by Waller) by leading off from 
the apex beat and right hand obtain a photographic record 
of the variation of the heart in man. Pig. 133 represents 


Fki 1.H3 




Acid (to huso) 

Puluo tmolutf 
from cnrotid 


= = - = ^ ^ ^ - = = - = 

Eloctriciil vnriiition of human hoait. (Baylisa and Stalling) 


the variation of the ventricles as obtained in this way. It 
will be seen that the variation is triphasic, implying that the 
excitatoiy change staitiiig at the base of the heart extends 
thence to the apex, but the conti action lasts longer at the 
base than at the apex The production of the curve is shown 
by the following diagi-ani (l<’ig. 184). 

With a more delicate electiometer it is possible to record 
also the electrical change duo to the auricular contraction. 
This has the appeal aiice of a sliaip spike immediately pre¬ 
ceding the triphasic venti iciilar vaiiation. 

The only essential diffoience between the mammalian and 
amphibian heart seems to he in the coiuiiarative automaticity 
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of the ventricles in the two cases, the mammalian ventricles 
possessing much more automatic power than that of the frog. 
If the ventricles be functionally separated from the auricles by 
crushing the auriculo-ventricular groove, both parts continue 
beating, but at different rhythms, the ventricular rhythm bemg 
as a rule much slower than that of the auricles. Conduction 
is probably effected, as in the frog’s heart, by the inter- 
meiation of the muscular tissue. 


Fio. 134 
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Duigiam to show mode of production of electrometer cuive in 
Fig 133 The pnmoiy * negativity ’ of the base fshaded 

portion of lower diagram) cauaes a movement of the Hg 
memscuB downwaids (the acid being connected to the base). 
Immediately afterwards the negativity apieads to the apex. 
The whole heait is at same potential, and the meniscus 
leturna sharply. The excited condition then dies away, but 
lasts longer at the base; hence a second excursion of the 
meniaouB downwaids, with a slow recovery. 


Although ganglia occur in large numbers in the different 
pai ts of the ma mm alian heart, it is possible to find consider¬ 
able sections,^ especially near the apex of the ventricles, which 
are quite free from ganglion-cells. Porter has shown that 
such a strip of muscle may be kept alive for some hours by 
perfusing it through a branch of the coronary artery with 
defibrinated blood. Under these conditions the strip beats 
with a regular rhythm, demonstrating the absolute sufficiency 
of the muscular fibres for the initiation and propagation of the 
contractile process. 
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SgoiioN 5 

INNEEVATION OE THE HEAET 

The heart is supplied with nerves from two sources—the 
vagi and the sympathetic. The fibres supplying the heart run 
a slightly different course in the frog and in the mammal, such 
^s the dog. 

Pio. 135 



Sympathetio chain of frog (right sidej to show connection with 
vagus nerv'e The sympathetic ganglia with their blanches aie 
black Of the peripheral branches only the splanchnic nerve is 
represented (Modified from Eoker ) 

The sympathetic fibres to the frog’s heart leave the cord 
by the anterior root of the third spinal nerve, pass through 
the ramus commimicans to the corresponding splanchnic 
ganghon, and thence by the second ganghon, the annulus of 
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Vieussens, and the first ganglion to the cervical sympathetic. 
This runs up to join the ganghon trunci vagi, and thence the 
fibres run down with the vagus nerve (Fig. 136). 




Diagram of cardiac inhibitory and accelerator fibres in the dog 
(from Foster) rVg Boots of the vagus. rSpAo Roots of the 
spmal accessoiy G J Ganglion jugulars G h V Ganghon 
trunoi vagi Vg. Trunk of vagus nerve O.Sy Oervioal sympa¬ 
thetic G 0 Inferior cervical ganglion A V. Annulus of 
Vieussens A sb Subclavian artery, n c. Cardiac nerves G.St. 
Ganglion stellatum D 2, D 3, D 4, D 5 Second, third, fourth, and 
fifth dorsal spinal roots G Th Gangha of the thoracic cham 


In the dog, the sympathetic fibres to the heart leave the 
spinal cord by the anterior roots of the second and third dorsal 
nerves, run in the rami commumcantes to the stellate ganghon, 
and thence by the annulus of Vieussens to the infeiior cervical 
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ganglion. The cardiac branches containing these fibres run 
from the stellate ganglion, the annulus, the inferior cervical 
ganglion, and the trunk of the vagus to the heart. 

The accelerator nerves are small meduUated fibres as they 
leave the cord and pass along the anterior roots and white 
rami communicantes to the stellate ganglion. In this ganglion 
they end in connection with its cells, and a fresh relay of 
fibres, which are non-meduUated, carries the impulses on to the 
heart* In the heart they are apparently distributed directly 
to the muscular fibres, without the intervention of any more 
ganghon-cell stations. 

The effect of stimulating these two sets of nerve-fibres is 
the same in the frog and mammal. In the frog, since the 


Fig 137 



Tracing to show effect of stimulation of the vago-sympathetic 
neive on the frog’s heart The rhythm is unfiJtered, but the 
beats of auricle and ventricle are much decreased in size 
On ceasing the stimulation the beats become augmented. 
(Gaskell) 

sympathetic fibres run down in the trunk of the vagus, it is 
necessary, in order to obtain pure effects, to stimulate the 
intracranial part of the vagus or the ceivical sympathetic 
If the intracranial vagus be stimulated while the heart is 
beating regularly, the heart stops at once in diastole, or it may 
give one beat before stopping. If the stimulation be now dis¬ 
continued, the heart after a little while begms to beat again, 
at first slowly, and gradually comes back to the normal rhythm. 
In many cases, if the vagus be stimulated repeatedly, a distinct 
improving action on the beat is observed, i,e, the heart beats 
more foicibly and rapidly when the stimulation is discontinued 
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than it did at the commencement of the experiment. !Ehe 
vagus is named the inhibitory nerve of the heart. This inhi¬ 
bition may influence either the rhythm or the force of the 
ventricular contraction, the different results being probably 
dependent on whether the sinus is most affected, when the 

Eia. 138. 



A tracing amulai to Fig. 137. In this case however the stimulation 
caused complete stoppage (inhibition) of both auricular and ven- 
tncular beats. (Qaskell) 


beats will be slowed, or the ventricle, in which ease each beat 
will be weaker. If only a weak stimulus be applied to the 
vagus, the effect may be merely to weaken or slow the beats, 
without causing a complete stoppage. 


Eio 139 



Blood-pressme tracing ham carotid of dog (taken with Hiirthle's 
manometei), showmg effect of excitation of vagus (between the 
arrows) o. Absoissa Ime of no pressure. 

stimulation Of the sympathetic cardiac nerves has exactly 
the reverse effect, causing increase in force or rate of the 
heart-beats or both results at once. They are therefore said 
to be both augmentor and accelerator nerves. 

The augmentor fibres are much lees easily tired than the 
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s. Hence, if the vago-sympathetic of the frog be 
the first effect is inhibition due to vagus action ; 

, nerve-ondings then tinng, the influence of the stimu- 
. the accelerator fibres makes itself apparent, and the 

_jx t, while stimulation is still going on, commences to beat 

more rapidly and forcibly than it did before. 

Stimulation of the vagus also lowers the conductivity of 
the cardiac tissue, and, with a carefully graduated stimulus, it 
is often possible to make a block between auricles and ventricle, 
so that the latter responds only to every second auricular 
beat. The accelerator fibres have the reverse effect. We 
may make an artificial block between auricles and ventricle 
by clamping rather tightly the auriculo-ventricular groove, 
so that the ventricle beats only once to every two auricular 
contractions. If now the accelerator nerves be stimulated the 
block is removed, and the ventricle beats in normal sequence 
to the auricles. 

These two sets of fibres have exactly the same function 
in the mammal (dog). Vagus causes slowing of rhythm, 
depression of force and of conductivity; accelerators cause 
acceleration, augmentation, and improvement of conducting 
power. Smce however the beat of the heart is normally ruled 
by the auricular beat,' we find that the action of these nerves 
is much more pronounced on the auricles than on the 
ventricles. This is illustrated by the fact that during pro¬ 
longed vagus excitation the ventncles may begin to beat with 
a rhythm of their own, while the auricles remain perfectly 
motionless. 

In many animals the vagus centre in the medulla exercises 
a tonic or continuous inhibitory action on the heart. Thus 
in the dog, section of one vagus causes a slight quickening 
of the heart-beat {e.g. from 60 to 80 per minute). If now the 
second vagus be cut, the heart-beat is markedly quickened, 
and may occur 120 tunes in the mmute. The effect of vagus 
section is stiU more marked if the vagus centre in the medulla 
be in a condition of increased activity, as after administration 
of morphia, or durmg asphyxia. 

» The rate of the ventricle is determined by the fiequenoy of the excitation 
arriving at it horn the auricles The strength of the beat depends on the initial 
tension of the ventnoular muscle, and therefoie largely on the amount of blood 
sent mto the ventricle by the auricular contmction 
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The accelerators are further distinguished from the vagus 
in the length of their latent penod, which in the case of the 
former is excessively long. The latent period of vagus 
excitation m the mammal is considerably less than a second, 
whereas that of the accelerators amounts to ten or even 


Fio 140. 



Tiaoings of ventrioulai (uppei ouive) and amicular contiactions (lower 
cuiwe) From xtoy the accelerator nerves stimulated. Lowest Ime 
= seconds 


twenty seconds (Fig. 140). The effect of accelerator stimu¬ 
lation lasts for an equal length of time after the stimulation 
IS discontinued. 

Afferent Nerves of the Heart 

Besides these efferent fibres going to the heart, there are 
other fibres running chiefly in the vagus which serve to 
carry afferent impulses from the heart to the nervous centres. 
Some of their terminal branches ramify over the ventricle 
(of the dog) immediately under the pericardium. We may 
investigate their functions by stimulation of the central ends 
of the divided nerves. They may produce one or more of 
four effects: 

1. Pain, as evmced by the movements of an animal not 
fully under the mfluence of an anessthetic (we should be more 
correct if we said that stimulation of these nerves produced 
reflex movement). 

2. Eeflex inhibition of the heart. If one vagus be cut and 
its central end stimulated, there is very often slowing of the 
heart by reflex impulses which descend the other vagus. 

8 and 4. Pressor and depressor effects. Stimulation of 
these neives may cause a reflex raising (pressor) or lowering 
(depressor) of the blood-pressure. 
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Gardio-inMhitory Centre 

There is one little spot in the medulla, in the neighbour¬ 
hood of the origin of the vagus nerves, stimulation of which 
causes inhibition of the heart. If this spot be destroyed, 
reflex inhibition of the heart can no longer be produced; 
hence it is spoken of as the cardio-mhibitory centre. The 
afferent nerves from the abdomen and intestme seem to have 
very clqse connections with this centre, so that reflex inhibi¬ 
tion of the heart can be easily produced m the frog by tapping 
a loop of intestme with the handle of a scalpel. This con¬ 
nection explains to some extent the depressed condition of the 
circulation in man in severe abdominal affections, such as 
peritomtis. 

When the blood-pressure is raised, as by a general con¬ 
striction of the arterioles of the abdominal viscera, the 
resistance to the outflow of blood from the heart is increased. 
‘This factor by itself would tend to produce a stronger heart¬ 
beat, without any accompanying slowing. Under normal 
conditions however we find that the ‘ rate of the heart-beat 
is in inverse ratio to the arterial pressure' (‘ Marey’s 
Law’), a rise of blood-pressure causing a slowing of the 
heart, and vice versd. This law holds good only if the vagi 
are intact. The slowing consequent on rise of pressuie is 
probably conditioned by two factors . (1) the mcreased pres¬ 
sure in the cranial cavity directly affectmg the cardio- 
inhibitory centre; and (2) the action of the rise of pressuie 
on the endmgs of the vagus in the walls of the heart, stimu¬ 
lation of these fibres by the increased tension causmg a leflex 
inhibition of the heart through the same neive-trunk. Both 
these effects would of course be abolished by section of the 
two vagi. 

Influence of Drugs on the Heart 

The cardio-inhibitory centie is stimulated by digitaline and 
morphine, so that the heart is slowed under the influence of 
these drugs. 

Muscarine stimulates the nerve-endings of the vagus. If 
applied to the frog’s heart, it causes gradual weakening and 
slowing of the beat, and the heart finally stops still in dia¬ 
stole. If a solution of atropme be now applied, the heart 



commences beating again. It is found that stimulation 
the vague is now absolutely ineffectual in producing inhibi¬ 
tion. Hence we argue that atropine paralyses the termina¬ 
tions of the vagus in the heart. The same paralysis of the 
vagus is produced in the mammal it atropine be injected mto 
the circulation. After administration of atropine, stimulation 
of the sino-auricular junction (the so-called local inhibitory 
centre) has no effect on the heart. 

If nicotine be injected into the circulation or applied 
directly to the heart, it first stimulates and then paralyses the 
nerve cells to which the vagus fibres run, and which give off 
the inhibitory fibres to the heart muscle. After this drug 
therefore, although stimulation of the vagus trunk has no 
inhibitory action (the impulses being blocked in the heart 
ganglia), stimulation of the sino-auricular junction still causes 
inhibition in consequence of direct excitation of the post¬ 
ganglionic fibres. 

Curare has a paralysmg influence similar to that of 
atropine, but only when applied in large doses. 

Physostigmin has the same action as muscarine, and, as in 
this case, its effect is removed by the application of atropine. 

Adrenaline, the active principle of the medulla of the' 
suprarenal bodies, when applied directly to the isolated heart, 
causes a considerable augmentation and strengthening of the 
beat. When injected into the circulation, it produces a general 
constriction of the blood-vessels and a consequent rise of 
blood pressure, and this rise is accompanied by extreme slow¬ 
ing of the heart brought about by stimulation of the vagus 
centre. 

Dilute alkalies (KHO, 1 m 20,000) cause the frog’s heart 
to stand still in a tome contraction, the tone of the heart 
gradually increasmg till the beats are no longer visible on the 
tracing. 

Dilute acids have the opposite effect, removing the tonic 
contraction produced by alkalies, and finally causing a stand¬ 
still of the heart m complete relaxation. 
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Section 6 

THE WOEK OE THE HEAET 

The energy of the ventricular contraction is expended in 
two ways: firstly, in forcing a certain amount of blood into 
the already distended aorta against the resistance presented 
by the arterial blood-pressure, which itself is directly con¬ 
ditioned by the resistance in arterioles and capillaries; and 
secondly, m imparting to the mass of blood so thrown out a 
certain velocity. Thus the energy of the muscular contraction 
is converted partly into potential energy in the form of m- 
creased distension of the arterial wall, and partly into the 
kinetic energy represented by the momentum of the movmg 
column of blood. The work done at each beat may be cal¬ 
culated from the formula : 

w = QE + 

2g 

where W stands for work, w for the weight, and Q for the quan¬ 
tity (volume in corns.) of blood expelled at each contraction. E 
is the average arterial resistance or pressure during the outflow 
of blood from the heart, and v is the velocity of the blood at the 
root of the aorta. In this equation QE is the work done in over¬ 
coming the resistance,' and is the energy expended in 

2 g 

imparting a certain velocity to the blood. 

We have already discussed the means whereby the average 
pressure and velocity of the blood in the aorta may be 
measured, and it remains only to determine the output of 
the ventricles at each beat, m order to have at our disposal all 
the factors necessary for the calculation of the work of the 
heart. The measurement of the output presents considerable 
difficulties. Stolnikow and Pawlow practically cut out the 

' This expression QRis only approximately conect Supposmgthe piessuie 
in the aorta at the beginning of systole is 50 ram Hg and at the end of systole 
160 mm , the woik could not be deduced accui'ately from the average pressure, 
but would need a simple apphoation of the mtegral calculus for its determma- 
tion The simple expression employed above deviates from the real value only 
by about 10 per cent., and is therefore sufficiently accurate foi our purpose 



THE VASCULAR MECHANISM 


253 


systemic cu'culation altogether, and caused the blood from the 
left ventricle to traverse an instrument (current-measurer, 
Stromaiohe) which recorded automatically the amount of blood 
that went through it in a given time. 

In Fig 141,1 and 11 are two cylindeis containing accurately fitting floats, 
bearing writing levers on their upper ends. Each of these communicates below 
with two tubes, a and v, one of which is connected to the nght carotid artery, 
while the other is mserted into the supeiior vena ca\a AH the other branches 
of the aorta, as well as the inferior vena cava, are ligatured At the beginning 
of the experiment, oyhnder II is filled with defibnnated blood. This blood 

Fig 141. 


I 


7! 





piibHCb down tho tube Hv into the right amide, and so thiough the right 
veniiicle and lungs, wheie it is aerated, into the left auncle and ventnole. As 
the heaii continues beating, the left ventiicle expels its contents into cylinder I, so 
that the piston in I is rising while that m II is falling. As soon as cylinder II 
becomes empty, the tubes 1v and 2q. are released and the tubes la and aie 
clamped The left ventricle now expels its blood through Za into cylmder II 
while cylmder I is emptymg itself through 1v mto the nght auricle. We thus 
get two senes of zigzag lines tiaced by the piston lods, and the frequency of the 
zigzags IS an exjiiession of the output of the left ventnole in a given time. 

This method suffers from the defect that the arterial pres- 
buie, m consequence of the absence of external resistance, is 
extremely low, so that the heart is throughout under highly 
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abnormal conditions. It enjoys however the corresponding 
advantage that R (the resistance), though low, is constant 
throughout the experiment, and the work done by the heart is 
therefore directly proportional to the output. 

Better methods are those based upon the application of 
the plethysmographic method to the heart m s%tu. We may 
either, as in Tigerstedt’s method, employ the pericardium 


Fia 142. 



Diagium of Hoy’s oaidiomefcei On the right of the figure me the 
two quarter spheres which aie clamped on to the pericardium at 
the root of the heart 


itself filled with oil or air as the oncometer, and legistei the 
changes in the volume of the heart by connecting the cavity 
of the pericardium with some form of piston-recorder, or we 
may make use of Boy’s cardiometer. This is a brass sphere 
in three segments. The two quarter spheres (Fig. 142) are 
applied round the base of the heart and clamped together, 
the cut pericardium being attached to their constricted neck, 
the third segment, a hemisphere, is then apphed over the 
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apex of the ventricles and clamped to the parts already m situ. 
Attached to the centre of this hemisphere is a modified piston- 
recorder, containing a piston working in oil, with which the 
whole of the apparatus is filled. At « is a spring which can 
be adjusted, so as to exercise a constant pull upon the piston, 
and reproduce to some extent the negative pressure under 
which the heart normally works. The piston-rod carries a 
lever which writes on a blackened surface. The excursions of 
this lever are proportional to the diminution in volume of the 
heart at each systole, and therefore serve as a measm^e of the 
output of the ventricles. 

An attempt has been made to determine the output of the venkioles from 
the time taken up m the total ouculation It was mentioned earlier that a 
solution of methylene blue injected mto the central end of the jugular vein 
could be detected m the blood flowing from the peiipheral end of the same 
jugular, aftei twenty-seven heart-beats This has been interpreted errone¬ 
ously as equivalent to saying that the whole blood made the whole circuit 
of the vasculai system and therefoie passed thiough the heart twice in 
twenty-seven heart-beats Thus we should have only to divide the quantity 
of blood m man (5,000 grms, m a man of 65 kilos) by 27, m order to amve 
at the output of each ventncle at each cardiac systole, %e about 186 grms 
It is evident however that the figm*e obtained by the methylene-blue method 
merely lepiesents the shoitest possible time in which any given particle of 
blood, tokmg aU the short cuts which may be open, can travel round the whole 
circulation, so that the true output of the left ventncle m man must be con¬ 
siderably less than 185 grms , and is probably not moie than one-third of this 
amount 

Eiom a direct determmation by the cardiometer method of the output in 
animals, Tigeistedt concludes that the output m man at each beat is probably 
between 60 and 100 corns. By othei methods, Zuntz has come to the conclusion 
that 60 ocms. represents the average output m man. 

Accepting this last figure as correct, w^ have now all the data for the cal¬ 
culation of the woik of the heart. 

QB = 60 X 0 150 m x 18 6 ' = 122 4 grammetres. 

Tokmg the velocity imparted to the column of blood m the aoita as 
^ metre— 

w v’’ 60 X 0 5® 

’27'" "2T9 8"=° ^ grammetree 

It IB evident that this latter factor is negligible, and that foi all practical 
purposes we may regaid the woik of the heart as propoitional to the product of 
the output and the average aiiierial blood-pressme. 

Tokmg the average pressme m the pulmonary ai*tery at 26 mm Hg, the 


’ The specific gravity of blood is taken heie as approximately equal to that 
of watei If it be desired to allow foi this, it would be necessary to divide the 
product by 1*07 
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work of the right ventriole at each beat would amoimt to about 20 grammetres, 
a total for the two ventricles of 140 graminetres per beat, which is equivalent to 
about 14,000 Jcilogrcmmetrea in the twenty-four hours 

We are now in a position to discusB the effect of various 
conditions on the total work of the heart. We have seen 
that this varies as w x E, so it is evident that any condition 
which increases either or both of these factors will increase 
the work done and vice versa. Thus on exciting the peri¬ 
pheral end of the vagus, the heart is slowed, the diastole 
prolonged, and the amount of blood expelled at each systole 
increased. There is however a fall of mean arterial pressure, 
and the increased output is not proportional to the diminished 
frequency of the beat, so that the total output in any given 
time is less than that occurring before or after the stimula¬ 
tion. E and w being both diminished, the total work done 
by the heart is lessened. 

In dealing however with the effect of experimental or 
pathological conditions on the work of the heart, it is im¬ 
portant to remember the wonderful power of ‘ compensaUon ’ 
possessed by this organ. In consequence of the augmentor 
effect of increased tension on the cardiac muscle, we can 
increase the resistance to be overcome by the heart to three 
or four tunes the normal amount without altering m any way 
the quantity of blood expelled at each beat. Thus we may 
put a Kgature round the pulmonary artery and gradually 
tighten it, until the lumen of this vessel is reduced to a third 
of its normal extent, without causing any material change 
in the blood-pressure; although, if we connect a manometer 
with the cavity of the right ventricle, we find that the endo- 
cardiac pressure rises to three or four tunes the normal 
amount, m order to expel the proper quantity of blood into 
the pulmonary vessels and so into the left heart. In this 
ease the increased tension acts upon the ventricular muscle 
during its contraction. The same result is observed if we 
augment the work thrown on the ventricles by increasing the 
inflow of blood into them during diastole. This increased 
diastolic volume of the heart may be brought about either by 
pressure on the veins of the abdomen, so increasing the venous 
flow into the heart, or by the injection of large quantities of 
flmd into the circulation (Pig. 148), or by destroying the 
aortic valves and allowing regurgitation to lake place from 
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the aorta during diastole. In either case, the work done by 
the ventricles is increased, causing a rise of mean arterial 
pressure in the first two instances, and preventing any faU 
of arterial pressure in the last case, A large number of 
similar experiments may be devised, but they all teach the 
same lesson, viz, that, within very wide limits, the output of 
the heart is independent of the resistance to the output. 

Eig. 148. 



Systole 


P1I 

"! rS Diastole 
Seconds 


Cftidiometer tiaoing from dog’s heart to show effect of moreasmg the 
volume of circulatmg blood (hydr£Bmio plethora) on the total oui^ut 
and the volume of the heart. Between the parts A and B, SO o o of 
warm normal salt solution were injected miravenously, and between 
B and 0, 20 o o. more It will be noticed that both the systolic and 
tile diastoho volume are moreased, i e, the heart is more distended 
durmg diastole, and does not oontiact to its normal size in systole 
The contraction volume, and therefore the output, are very largely 
moreased. (Roy) 

In a fairly healthy individual, increased work thrown 
upon the heart by injury or narrowing of the valvular 
oridces does not necessarily result in fatigue and failure of 
the heart-muscle, but this tissue may react just as skeletal 

17 
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work of the right ventiiole at each beat would amount to about 20 grammetres, 
a total lor the two yentiioles of 140 grammeties pei beat, which is equivalent to 
about 14,000 kilogramnietrea in the twenty-four horns 

We are now m a position to discuss the effect of various 
conditions on the total work of the heart. We have seen 
that this varies as w x E, so it is evident that any condition 
which increases either or both of these factors will increase 
the work done and v^ce versa. Thus on exciting the peri¬ 
pheral end of the vagus, the heart is slowed, the diastole 
prolonged, and the amount of blood expelled at each systole 
increased. There is however a fall of mean arterial pressure, 
and the increased output is not proportional to the diminished 
frequency of the beat, so that the total output in any given 
time is less than that occurring before or after the stimula¬ 
tion. E and w being both diminished, the total work done 
by the heart is lessened. 

In dealing however with the effect of experimental or 
pathological conditions on the work of the heart, it is im¬ 
portant to remember the wondeiful power of ‘ compensation ’ 
possessed by this organ. In consequence of the augmentor 
effect of increased tension on the cardiac muscle, we can 
increase the resistance to be overcome by the heart to three 
or four times the normal amount without altering m any way 
the quantity of blood expelled at each beat. Thus we may 
put a ligature round the pulmonary artery and gradually 
tighten it, until the lumen of this vessel is reduced to a third 
of its normal extent, without causing any material change 
in the blood-pressure; although, if we connect a manometer 
with the cavity of the right ventricle, we find that the endo- 
cardiac pressure rises to three or four times the normal 
amount, in order to expel the proper quantity of blood into 
the pulmonary vessels and so into the left heait. In this 
ease the increased tension acts upon the ventricular muscle 
during its contraction. The same result is observed if we 
augment the work thrown on the ventricles by increasing the 
inflow of blood into them during diastole. This increased 
diastohc volume of the heart may be brought about either by 
pressure on the veins of the abdomen, so increasing the venous 
flow into the heart, or by the injection of large quantities of 
fluid into the circulation (Eig. 143), or by destroying the 
aortic valves and allowing regurgitation to take place from 
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the aorta during diastole. In either case, the work done by 
the ventricles is increased, causing a rise of mean arterial 
pressure in the first two mstances, and preventing any fall 
of arterial pressure in the last case. A large number of 
similar experiments may be devised, but they aU teach the 
same lesson, viz. that, withm very wide limits, the output of 
the heart is mdependent of the resistance to the output. 


Eis. 148. 



Caidiometei traomg from dog’s heoaii to show efEeot of inoreaBmg the 
volume of oirculatmg blood (hydroamio plethora) on the total output 
and the volume of the heart. Between the parts A and B, 80 c o of 
warm normal salt solution weie injected mtravenously, and between 
B and 0, 20 o.o more It will be noticed that both the systoho and 
the diastolic volume are increased, t a the heart is moie distended 
durmg diastole, and does not contiact to its normal size in systole. 
The contraction volume, and therefore the output, aie very laigely 
increased. (Boy) 


In a fairly healthy iudividual, inei eased work thrown 
upon the heart by injury or narrowmg of the valvular 
orifices does not necessarily result in fatigue and failure of 
the heart-muscle, but this tissue may react just as skeletal 
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muscle does to increased work by hypertrophy. Where this 
hypertrophy is sufficiently developed, we say that the heart- 
lesion is fully compensated, and such cases may continae for 
years, without the subject being aware that there is anything 
the matter with his heart. It is not easy to explain the 
causation of this hypertrophy, though it is possible that one 
factor in the increased growth of the tissue-cells may be 
the increased lymph-flow, which is the result of activity in 
muscle. The katabohc changes, which accompany activity of 
muscle, cause a marked rise of osmotic pressure within the 
muscle-fibres, which therefore swell up in consequence of im¬ 
bibition of fluid from the surrounding tissue-spaces. Activity 
thus induces increased supply of nutritive material to the 
constituent elements of the active tissues. - 
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Section 7 

INNEEVATION OE THE BLOOD-VESSELS 

We have already mentioned that the chief resistance to 
the flow of blood occurs m the arterioles and capillaries. 
The gi*eater part of this resistance is m the arterioles, and 
is dependent on the continued contraction or tone of their 
muscular walls. If the spmal cord of a dog be divided just 
below the medulla, artificial respiration being kept uj), the 
blood-pressure in the carotid artery falls from 120 to 40 mm. 
of mercury. This fall is not due to any action on the heart, 
which goes on beating well. It is due to a relaxation of all 
the arterioles, and also of the portal and perhaps other vems. 
This lelaxation causes a loweiing of arterial pressure in two 
ways. In the first place, the peripheral resistance is largely 
diminished, and in the second place the total capacity of 
the vascular system is increased. In consequence of this 
increase in capacity, we find that section of the cord lowers 
the pressure, not only in the arteries but also in all the veins 
of the body. 

This experiment shows that the tone of the vessels is 
dependent on the integrity of their connections with some 
part of the nervous system. If a section be made just above 
the medulla, the blood-pressure remains high. If however 
a certain part of the medulla be destroyed, the blood-pres¬ 
sure sinks as low as if the cervical cord were divided. 
Stimulation of the same part causes a great rise of blood- 
pressure, due to increase in peripheral resistance. We learn 
then that the continued contraction or tone of the small 
arteries is provided for by a restricted region of the medulla, 
which we call the vaso-motor centre. (The lower border of 
this centre is about 4 mm. above the apex of the calamus 
scriptorius, and its upper border about 4 nun. higher. It 
apparently coincides in position with the antero-lateral nucleus 
of Clarke.) 

In this section we have to consider the means by which 
the vaso-motor centre is able to control the calibre of the 
blood-vessels, and therefore the blood-supply to various parts 
of the body. 
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In order to study the influence of the nervous system on 
the distribution of blood in various parts of the body, it is 
necessary to determine not only the local condition of the 
circulation, but also the general blood-pressure; since & 
dimimshed flow of blood through any part might be pro¬ 
duced either by a local constriction of the blood-vessels, or 
by a fall of general blood-pressure. It is essential to be 
certain that any local change which is observed in the circu¬ 
lation is of local production and not a secondary result of 
vascular constriction or dilatation in some other large area 
of the body. For the registration of the mean arterial blood- 
pressure, the mercurial manometer is most advantageously 
employed. 

In order to observe local changes m the circulation, several 
methods may be adopted. 

1. The simplest method is that of ocular mspection. In 
many cases it is easy to tell by the colour of the organ or 
part whether its blood-vessels are constricted or dilated. If 
for instance the abdomen be opened and the splanchnic nerves 
stimulated, the intestmes will be at once observed to become 
pale and anaemic, owmg to this constriction of their vessels. 

2. Since the temperature of the peripheral parts of the 
body is considerably lower than that of the blood flowmg 
into them, it follows that their temperature must be in some 
degree proportional to the amount of warm blood which 
reaches them, and we can use the surface temperature of a 
limb as an index to the changes in the circulation through 
the limb. Thus if thermometers be tied between the toes of 
the two hind paws of an animal and the right sciatic nerve 
be divided, the thermometer on the right side will show a 
higher temperature than on the left, owing to the vaso-motor 
paralysis produced in the right leg by the section of the 
nerve. 

8. Changes in the calibie of the blood-vessels of any part 
will alter the rapidity of the blood-flow through that pait, 
provided that there is no concomitant opposmg change in the 
general blood-pressure. These changes m velocity of the 
blood nught of course be investigated on the arterial side by 
one of the methods already desciibed. It is more convenient 
however in most cases to carry out the experiment on the 
venous outflow, the blood being prevented from coagulating 
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in the course of the expemnent by some artificial means, such 
as the injection of leech extract, or the defibrination^ of the 
circulatmg blood. 

A convenient way of measuring the venous outflow is to 
let the blood drop on a mica disc attached to a Marey’s 
tambour, from which a tube is carried to a registering 
tambour. Every drop is recorded on a moving sui'face by a 
little elevation of the lever of the registermg tambour. 

4. The volume of an organ is largely dependent on the 
amount of blood contained withm its vessels. We can there¬ 
fore judge of the nature of changes m the circulation through 
an organ by taking a graphic record of its volume. For this 
purpose we use an instrument known as a plethysmograph or 
oncometer, of which many forms have been devised. 


Fia, 144. 



Fig. 144 represents diagrammatically the structure of 
Eoy’s kidney oncometer. This is a metal capsule, the two 
halves of which are jointed together, and are accurately fitted 
to one another except at (h), where a small hole is left for 
the exit of the kidney vessels and ureters. A dehcate animal 
membrane (m) is attached to the rim of each half of the 
oncometer, the space between this and the brass capsule being 
filled with warm oil. The kidney (k) rests inside, supported 

^ In dogs and cats the blood may be rendered nncoagulable by di-awmg o0 
half the blood, dedbimatmg it, and reinjecting it into the ciiculation. This 
process is lepeated five or six times, when it is fotmd that the blood is no longer 
ooagidable—a condition which lasts for many hours. 
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on the bed of warm oil, from which it is separated by the 
membrane. The tube (o) leads from the cavity between the 
brass capsule and membrane to the registermg apparatus 
or oncograph, represented in Fig. 145. Any swelling of 

Pio. 146. 

c- 

1 



Diagram of oncograph. 


the kidney will drive oil out of (o) into the oncograph, and 
will thus raise the piston of the latter. The excursions of 
the piston are recorded by the lever (1), which is an-anged 


Pia. 148.' 



Diagram to show stmotuie of a piston recoider (Hiii*tble’s patteni) 

This matrument consists of an aocurately turned vulcamte piston, 
moving in a glass cylmder To the piston is attached a light 
counter-weighted lever The piston moves very easily, has very 
little tendency to swmg on its own account, and gives excursions, 
which are diieotly proportional to the changes of volume of air oi 
fluid m the attached oncometer 

to write on a blackened surface. Plethysmographs for the 
limbs and other organs have been constructed on a similar 
principle. 

A very simple form of air-plethysmograph has been devised by Schafer A 
box IB made of vulcamte adapted to the size of the oigan whose volume is the 
objeot of mvestigation In one side of the box there is a depiession sufficient to 
accommodate easily the vessels and nerves gomg to the organ. The oncometer 
iB covered by a glass hd, the connections bemg made air-tight by means of 
vaseline A glass tube is fixed m one comer of the box. This is connected by 
a lubber tube with a piston recorder (Fig. 146) or a tambour Every variation 
m the volume of the organ causes a movement of air into or out of the 
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onoometei, and thna givsB nae to a oorreapoudmg movement of the lever of the 
piston-reooidei. 

A plethysmograph must always be used in comaection with 
a blood-pressure manometer if we wish to mvestigate the 
active condition of the vessels of the organ under considera¬ 
tion. Pig. 147 will serve as an example to show the mode 

Fio. 147. 



Simultaneous tiaoings ot carotid blood-pressure and volume of kidney 
Between x and x the peripheral end of the divided 10th nerve was 
stimulated. Time-markmg = seconds. (Bradford,) 

in which these two forms of instruments are employed for 
the mvestigation of vascular conditions. The upper curve 
is the carotid blood-pressure, recorded by means of a mer¬ 
curial manometer. The lower is the tracmg recorded by the 
lever of an oncograph in connection with an oncometer, in 
which the kidney of the animal is placed. At the point 
marked with a cross on the tracmg, the peripheral end of 
the anterior root of the tenth dorsal nerve was stimulated. 
It wiU be seen that this stimulation is followed by a slight 
rise of general blood-pressure, but a marked shrinking of 
the kidney-volume. The rise of blood-pressure shows us 
that there must be somewhere a constriction of arterioles 
giving nse to mcreased peripheral resistance, since the heart¬ 
beat is obviously unaffected. An increased blood-pressure 
would by itself tend to force more blood into the kidney, and 
so would cause an expansion of the kidney. 
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It is evident that there must be an active contraction ol 
the artenoles of the kidney, emptying this organ of blood, 
and BO causing it to diminish in size. If we had used the 
oncometer alone, we should have been in. doubt whether the 
shrinking might not be due to failure of the heart’s activity. 
Again, without the oncometer we should only have known 
that there was mcreased peripheral resistance in the blood¬ 
vessels m some part of the body, but we should not have been 
able to localise it. 

This experiment has taught us already that stimulation of 
certam nerves causes constriction of the arterioles in definite 
parts of the body. This influence of nerves on the calibre 
of the arterioles is still better shown in the ear of the rabbit. 
If this be held up to the hght, the arteries and veins can be 
plainly seen. If now the sympathetic in the neck be divided, 
the ear on the same side will mstantly become redder and 
warmer than the other, and on holdmg it up to the light, 
all the vessels will be observed to be much dilated, and many 
small vessels will be evident that could not previously be 
seen. On stimulatmg the upper end of the cut sympathetic 
the reverse effect is produced; the vessels contract, and the 
ear becomes once more cool and pale. In the same way 
constriction of the vessels in the web of the frog’s foot may 
be observed under the microscope to follow stimulation of 
the sciatic nerve. Similar experiments to these have shown 
that the muscular walls of all the arteries in the body are 
under the control of the central nervous system, and that 
they are held in a condition of continued contraction or 
tone under the influence of the vaso-motor centre. Division 
of the spinal cord in the neck cuts off the arteries in the 
trunk and limbs from the vaso-motor centre, and these in 
consequence become dilated, and the blood-pressure falls. 
Division of the cord in the dorsal region similarly causes 
dilatation of the vessels in the lower limbs. If the animal 
be kept ahve after this operation for some time, the vessels 
recover their tone, but lose it again if the spmal cord be 
destroyed. We see then that, although the chief vaso¬ 
motor centre lies in the medulla, there are also subsidiary 
centres in the cord, which are able, after a time, to take up 
by themselves the work of regulating the condition of the 
blood-vessels in parts of the body supplied by the spmal 
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nerves. The nerves that convey impulses causing constric¬ 
tion of the arteries -are called vaso-constrictors or vaso- 
motors. 


Goiorse of the Vaso-constrictor Nerves 

In investigating the course of the vaso-constrictor fibres 
we have to determine 

1. The origin of the fibres from the central nervous 
system; 

2. The course of the fibres on their way to their peripheral 
distnbution on the blood-vessels; 

8. Their connections with nerve-cells. 

The first two details can be found by stimulating various 
nerves and nerve-roots in different parts of their course and 
observing the effects produced on the local and general 
circulation. The importance of the third headmg is due to 
the fact that the vascular nerves, like the visceral nerves 
generally, do not have their last cell-station in the spinal 
cord. The fibres carrying vaso-constrictor impulses, which 
leave the cord, do not pass direct to the blood-vessels, but 
come to an end in a peripheral collection of ganglion cells, 
which may belong to the mam cham of the sympathetic or be 
situated more distally and belong to the group of collateral or 
peiipheral ganglia. 

These fibres, as they leave the central nervous system, are 
small meduUated nerves. These come to an end in a gan- 
ghon, where a fresh relay of fibres starts and carries the 
impulse on to the muscle-cells of the vessels. These post¬ 
ganglionic fibres differ from the pre-ganghonic fibres in being 
non-medullated. 

The discovery of the exact ganglia, with which any given 
set of nerve-fibres is connected, is rendered easy by the fact 
that in many animals the sympathetic ganglion-ceUs are para¬ 
lysed by nicotin (Langley). The nicotin may be pamted on 
the ganglion or may be mjected mto the blood-stream. The 
first effect of the drug is a powerful stimulation of the gan- 
ghon-cell, so that, if the drug be mjected, there is an enormous 
rise of blood-pressure owing to the universal vaso-constriction 
that is produced. This stimulation gives place to a condition 
of paralysis; the blood-pressure falls below normal owing to 
the cutting off of the peripheral vascular nerves from the 
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vaso-motor centre. Stimulation of the pre-ganglionic fibre is 
now without effect, although the normal results foUow stimu¬ 
lation of the post-ganghomc non-medullated fibre. 

By these methods it has been determined that all the 
vaso-constrictor nerves of the body leave the spinal cord by 
the anterior roots of the spmal nerves from the first dorsal 
to the third or fourth lumbar inclusive. From the roots 
they pass by the white rami communicantes to the ganglia of 
the sympathetic chain lying along the front of the vertebral 
column. Here they take different courses accordmg to their 
destination. 

The fibres to the head and neck leave by the first four 
thoracic nerves, pass mto the sympathetic chain through the 
ganghon stellatum and ansa Vieussenii to the inferior cervical 
ganglion, and up the ceivical sympathetic trunk to the 
superior cervical ganghon. Here they end, and the impulses 
are carried by a fresh relay of fibres, which start from cells 
in this ganghon and travel as non-medullated fibres on the 
walls of the carotid artery and its branches. 

The constrictors to the fore limb m the dog leave the 
cord by the white rami of the fourth to the tenth thoracic 
nerves. The fibres run up the sympathetic chain to the 
stellate ganghon, where they all end in synapses round the 
cells of this ganghon. The impulses are carried on by non- 
medullated fibres along the grey rami of the sympathetic 
to the cervical nerves which make up the brachial plexus, 
and run down in the branches of this plexus to be distributed 
to the vessels of the fore limb. 

The constrictor impulses to the hind-limb in the dog arise 
from the nerve-roots between the eleventh doisal and thud 
lumbar roots All the fibres end in connection with cells 
in the sixth and seventh lumbar and first and second sacral 
ganglia of the sympathetic chain, whence the impulses are 
carried by grey rami to the nerves making up the sacral 
plexus. 

The most important vaso-motor nerve of the body is the 
splanchnic nerve. This nerve receives most of the fibres 
forming the white rami from the lower seven dorsal and 
upper two or three lumbar roots, the latter fibres often 
takmg a separate course as the lesser splanchnics. The 
fibres can be seen to pass through the sympathetic chain of 
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the thorax without interruption and for the most part have 
their cell-station in the large ganglia, especially the semi¬ 
lunar ganglia, of the solar plexus, whence a thick meshwork 
of non-medullated fibres is distributed along all the vessels 
of the abdommal viscera. The area of the vessels innervated 
by this nerve is so large, that section of this nerve on each 
side causes a large fall in the general blood-pressure. This 
fall is more marked in animals such as the rabbit and other 
herbivora, in which the alimentary canal is proportionately 
very much developed, and has consequently a very large 
blood-supply. 

Vaso-dilator Nerves 

Since the arteries are m a constant condition of moderate 
contraction, a dilatation might be brought about by a relaxa¬ 
tion of this tone by an inhibition of the normal constrictor 
impulses proceeding to the vessels fiom the vaso-motor centre. 
We find however in many parts of the body evidence of the 
existence of a neive-supply to blood-vessels antagonistic in its 
function to the vaso-constnctors. Thus, if the chorda tyTwpani 
nerve going to the submaxillary gland be cut, no change is 
evident m the blood-vessels of the gland. But if its peripheral 
end be stimulated, there is instantly free secretion of saliva 
from the gland, and all the blood-vessels are largely dilated. 
In consequence of this dilatation the blood rushes through 
the capillaries so quickly that it has no tune to lose much of 
its oxygen; the blood flowing from the vein is therefore 
bright arterial in colour, and is increased to six or eight 
times the previous amount. If atropin be injected mto the 
animal, the action of the chorda tympani on the blood¬ 
vessels is unaffected, although the secretion on stimulation 
is abolished. The chorda tympam is therefore said to con- 
tam vaso-dilator fibres for the vessels of the submaxillary 
gland. Other examples of vaso-dilator (or dilatator) nerves 
are the small petrosal nerve to the parotid gland, the Ungual 
nerve to the blood-vessels of the tongue, and the nervi 
engentes or pelvic visceral nerves to those of the penis. It has 
been thought that all the vessels m the body have a double 
nerve-supply, vaso-constrictor and vaso-dilator. The presence 
of the latter variety m a mixed nerve is often difficult to 
prove, since on ordinary faradic stimulation the constrictor 
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efifect is always more pronounced. Moreover the dilators 
do not seem to conduct any tonic influences to the vessels. 
Hence, after section of a mixed nerve, the only effect 
observed is that due to the removal of the tonic constrictor 
influences, and the vessels in the area of distribution of the 
nerve are therefore dilated. Two methods however have been 
made use of to demonstrate the existence of vaso-dilators in 
a mixed nerve-trunk. 

{a) If the sciatic nerve be cut, the vessels of the leg and 
foot dilate. This paralytic dilatation passes off after two or 
three days, and the vessels resume their normal calibre. If 
now the peripheral end of the sciatic nerve be stimulated, 
ddatahon of the vessels is produced (Pig. 148 n). It seems 

Fifl 148 

A It 

NeiTe fleshly divided 
Oonstiiction 

Plethysmogiaphic tiacing of hind limbs, showing effect of stimu¬ 
lating the sciatic neive on the volume of the limb, a, iinmediiitcly 
after section of the neiwe, n, 4 days after section The nuiwe 
was stminlated between the two vertical lines Ciiivos to bo letul 
fivni right to left (Bowditoh and Wanen) 

that the degenerative processes affect the constrictor fibres 
earlier than the dilator fibres, so that at a certain period after 
nerve-section the latter alone respond to stimulation. 

(b) If a mixed nerve be stimulated with shocks slowl.y 
repeated at intervals of one second, instead of with the 
ordinary faradic cun’ent, vaso-dilator effects are often obtained, 
whereas stimulation of the same nerve with the faradic 
current produces vaso-eonstriction (Pig. 149). Thus rapid 
stimulation of the anterior root of the tenth dorsal nerve in 
the dog produces shrinking of the kidney from contraction 
of its blood-vessels. If the same nerve be rhythmically 
stimulated with single shocks repeated at slow intervals, the 
kidney swells, showing that its vessels have dilated. 

The course of the typical dilator nerves differs very much 
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from that of the constrictors. Instead of leaving the central 
nervous system m a particular area, and running through the 
sympathetic chain before proceeding to their destinations, it 
seems that the dilators may leave the brain or cord by any 
cerebro-spmal nerve. Thus the chorda tympani springs from 
the root of the facial nerve, the nervi erigentes from the 


Pio. 149 



I per sec. 


4 per sec. 


16 por sec 
64 per see 


Effect on the volume of the hind limbs of the cat of stimulating the 
sciatio nerve with mduction shocks at different latea It will be 
noticed that with one shook per second, there is haidly any con¬ 
striction but considerable dilatation, whereas with 64 shocks per 
second the only effect produced is vaso-constiiotion. Curves to 
be read fr<ytn right to left (Bowditch and Warren ) 


second and third sacral nerves. All these, however, are probably 
interrupted in a ganglion or collection of nerve-cells before 
reaching their destination. Although in some cases, as in the 
case of the vaso-dilators to the lips and gums of the dog, these 
cell-stations may be situated in the sympathetic chain (stellate 
ganglion), m the best marked vaso-dilators, such as the chorda 
and nervi erigentes, there is no connection at all with the 
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mam chain of the sympathetic. The nerve-cells of the chorda 
tympani he buried in the hilum of the submaxillaiy gland, 
while the vaso-dilators of the pelvic nerve are connected with 
cells in the so-called pelvic ganglion and distnbuted over the 
base of the rectum and bladder. 

The ao-caUed dilator nerves to the hmb vessels seem to be fundamentally 
different from the typical vaso-dilators just mentioned It has been shown by 
Bayliss that these nerves have their trophio centre in the spmal loot ganglia, and 
01 e apparently identical with the affeient neives of the limbs Meohamoal 
or electnoal stimulation of the penpheral end of a out posterior root, taking part 
m the formation of a limb plexus, gives rise to weU-maiked vascular dilaiation 
of the limb vessels, especially those of the skin. 

There is a striking analogy between the nerves distributed 
to the blood-vessels and those going to the heart—which is 
indeed only a specialised part of the general blood-tubes of the 
body. These nerves, according to their action on the meta¬ 
bolic activity of the tissues supplied, are divided by Gaskell 
into anabolic and Icatabohc nerves. 

The anabolic nerves, as mdicated by their name, cause 
a buildmg up or regeneration of the contractile tissue. They 
therefore act as inhibitory nerves, and bring about a condition 
of rest in the tissue. This class of neives would include the 
vagus and the vaso-dilator fibres 

The katabolic nerves cause an increased activity of the con¬ 
tractile tissue and, as was shown in treating of voluntary 
muscle (p. 132), active contraction is associated with and 
derives its energy from a disintegration or katabolism of the 
complex and unstable muscle molecule (mogen). An ordinary 
motor nerve to a muscle is therefore a katabolic nerve. This 
class would include the accelerator nerves to the heart and 
the vaso-constrictors. The course of these two sets of nerves 
bears out this comparison, the path taken by the acceleiator 
nerves being identical at first with that of the vaso-constiictor 
fibres to the head and neck. 

Beflex Alterations of the Blood-Vessels 

Life IB reaction; every vital act is a reaction of the 
orgamam to changes in its environment. Hence we have 
not completed bur view of the changes affecting the vessels 
until we have not only considered the means by which the 
nervous system acts on the vessels, but also the means by 
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which the centres are excited to action. In fine, we must 
complete the reflex arc affecting the vessels by considering the 
afferent impulses to the vaso-motor centre. 

The afferent impulses to this centre may be divided mto 
pressor and depressor ; and these names are also applied to 
the nerves that carry such impulses. 

There is in the rabbit, cat, and horse a small nerve in the 
neck that runs up from the heart to join the vagus or its 
superior laryngeal branch. If after section of both vagi (to 


Eig. 160 


Sup- lar. n - 


j|-s c c. 


VeguS'- 


Sup- Icirn- 


Depressor 


— Symp 


,-Vagus 


RABBIT 



I—Sup^ Cerv Gang 
-Depressor 
Cerv. symp n 


—Vago. symp. 


DOG 


UiagramB of the oonnections of the depieaaor neive m the i-abbit 
and dog, according to Oyon It will be noticed that in the latter 
ammal the depresBOi nerve nins in the vagus trunk for the greatei 
port of its oouTse 


prevent reflex inhibition of the heart) this nerve be cut and 
its central end stimulated, while the blood-pressure is being 
registered by means of a mercurial manometer connected with 
the carotid artery, a marked fall of blood-pressure is at once 
observed (Fig. 151). This fall of pressure is hardly notice¬ 
able after section of the splanchnic nerves, showing that the 
stimulation of the depressor has affected the vaso-motor centre, 
inhibitmg the constrictor impulses that normally pass down 
the splanchnic nerves. 

The splanchnic dilatation that is brought about by excita¬ 
tion of the depressor nerve may be demonstrated by enclosing 
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any organ of the abdomen in a plethysmograph. Fig. 152 
represents a curve of the splemc volume, and sho-ws the marked 
oTpa.r.cinnj together with fall of general blood-pressure resulting 
from stimulation of the depressor nerve. 

All sensory nerves are pressor nerves, i.e. stimulation 
of their central end causes a marked rise of blood-pressure 
in q-niTnn.lH under curare and morphia. Thus a rise of the 
general blood-pressure follows stunulation of the central end 


Pm 161 



Blood-pressure curve fi'om rabbit showing effect of excitation of 
oenM end of depressor neive (raeicurial inanomctei) (Bayliss ) 


of the cut sciatic or superior laryngeal nerves (Fig. 163). 
This rise of pressure is due to constriction of the arterioles, 
especially in the splanchnic area. The effect however of 
excitation of a purely sensory nerve is not qmte so simple as at 
first appears. In many cases stimulation of the central end 
of a sensory nerve causes general arterial constriction with a 
rise of blood-pressure, and at the same time a vaso-dilatation 
m the area of distribution of the nerve. This can be demon¬ 
strated by exciting the central ends of the posterior roots of 
the nerves to a hmb, which causes a swelhng of the limb due 
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to dilatation of its vessels, accompanied by rise of general 
blood-presstire owing to constriction of vessels in the splanch¬ 
nic area and elsewhere. The physiological pnrpose of this 

Fig. 162. 


BP 


Spleen 


Simultaneous tracing of aiiienal blood-pressure and splenic volume 
from a rabbit, showing the marked swelling of the spleen asso¬ 
ciated with laU of general blood-pressure on stiinulation of the 
centi'ol end of the depressor nerve. The nerve was excited 
between a and 6 (Bayhss.) 

arrangement is obvious. Thus when a limb is injured and 
inflamed, and a good supply of blood is required for reparative 
processes, the stimulation of the sensory nerves in the injured 

Fig. 163. 




Blood-pressure curve from carotid of dog. Between the arrows the 
central end of a sensory nerve was stimulated (Hilr^e’s mano¬ 
meter) 


area calls forth reflexly a dilatation of the blood-vessels in this 
area. This dilatation alone allows an increased flow of blood 
through the part; but this flow is still further increased by 

18 
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the rise of blood-pressure which is caused by the general 
arterial constriction also induced reflexly by the stimulation 
of the same nerve. 

Factors mfluencing the Vaso-motor Oentre d%rectly. 

Asphyxia 

In addition to its power of response to the effects of peri¬ 
pheral stimuli, the vaso-motor centre in the medulla may also 
react to changes occurring in the blood with which it is supplied. 
Thus administration of digitalis or strophanthus to an animal 
causes a marked rise of general blood-pressmre due to tbe 
constriction of the peripheral vessels and brought about by 
impulses from the centre. 

The changes occmTmg in the blood-pressure in asphyxia 
are important, and depend partly on the abnormal stimulation 
of the vaso-motor and vagus centres by the venous blood, and 
partly on the affection of the heart itself. These phenomena 
are best observed m a curarised animal, and we will first 
consider them with both vagi cut, in order to shut out the 
action of the vagus centre. The blood-pressure is registered 
by means of a mercurial manometer in connection with the 
carotid artery. On leaving off the artificial respiration, the 
blood-pressure remains at the same height for twenty or 
thirty seconds, the only change noticed bemg the absence of 
the respiratory oscillations. At this point the blood-pressure 
suddenly rises rapidly, and m another ten seconds may reach 
a height twice as great as it was previously. The heart beats 
a httle more forcibly in consequence of the increased cardiac 
tension, but its frequency is almost unaltered. The blood- 
pressure remams at this height for about a minute, and then 
gradually falls, the heart-beats becoming smaller and smaller, 
until the pressure has sunk to a point very little above the 
abscissa hne (level of no pressure). This fall in pressure is 
due to the failure of the heart. The heart, badly supplied 
with oxygen, cannot overcome the enormous resistance pre¬ 
sented by the contracted arterioles; it gets over-filled, and 
gradually loses the power of expelling any of its contents. If, 
when the blood-pressm’e has sunk to its lowest point, the 
heart be rapidly cut out of the body, it will at once begin to 
beat fairly forcibly, being relieved of the excessive internal 
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tension. The vessels however remain constricted until the 
death of the animal. This is shown by two facts. If, while the 
pressure is sinking, artificial respirahon be recommenced, thd 
heart supplied with oxygen at once begins to beat more forcibly, 
and the blood-pressure may rise to an even greater height 
than immediately after the commencement of the asphyxia. 
Again, if the volume of the kidney be recorded by means of 
the oncometer, the rise of general blood-pressure produced by 
asphyxia is seen to be accompanied by a marked shrinkmg of 
the kidney, and this shrinkmg endures until the animal dies. 

Pig. 164 


too 



0 — 

JC 

Curve of blood-preaaure tracing during asphyxia. The tiacing was 
taken by a manometei connected with the femoral artery of n 
dog under cm*aie Artificial reapuution diacontmued at X Both 
va^ had been previously divided 

showing that the fall of blood-pressure following the rise is 
due not to a giving way of the arterial resistance, but solely 
to a failure of the heart.^ 

If in the dog, and to a less extent in other animals, the 
vagi be left intact, the blood-pressure tracing during asphyxia 
has quite another appearance. At the pomt of the tracing 
corresponding to the rapid rise in the previous experiment, 
there is in this case only a slight rise of pressure, but the 
heart begins to beat very slowly. At each beat it necessarily 

^ Theie are no giounds for the statement sometimes made that constiio- 
tion of the lung aiteiioles plays any part m this fall of blood-pressme The 
mcreased distension of the light side of the heart after asphyxia by hgatuie 
of the trachea is due to the thinner walls and gieater distensibility of this 
side of the heart, and to the fact that the forced respiratory movements tend 
to fill the lung-vessels and the great veins, and so afiect ohiefiy the right 
heart 
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the rise of blood-pressure which is caused by the general 
arterial constriction also induced redezly by the stimolation 
of the same nerve. 

Factors mfluencmg the Vaso-motor Centre directly. 

Asphyxia 

In addition to its power of response to the effects of peri¬ 
pheral stimuli, the vaso-motor centre in the medulla may also 
react to changes occurring in the blood with which it is supplied. 
Thus administration of digitalis or strophanthus to an animal 
causes a marked rise of general blood-pressmre due to the 
constriction of the peripheral vessels and brought about by 
impulses from the centre. 

The changes occmTing in the blood-pressure in asphyxia 
are important, and depend partly on the abnormal stimulation 
of the vaso-motor and vagus centres by the venous blood, and 
partly on the affection of the heart itself. These phenomena 
are best observed in a cmrarised animal, and we will first 
consider them with both vagi cut, in order to shut out the 
action of the vagus centre. The blood-pressmre is registered 
by means of a mercurial manometer in connection with the 
carotid artery. On leaving off the artificial respiration, the 
blood-pressm’e remains at the same height for twenty or 
thirty seconds, the only change noticed being the absence of 
the respiratory oscillations. At this pomt the blood-pressure 
suddenly rises rapidly, and in another ten seconds may reach 
a height twice as great as it was previously. The heart beats 
a little more forcibly in conse(iuenee of the increased cardiac 
tension, but its frequency is almost unaltered. The blood- 
pressure remams at this height for about a mmute, and then 
gradually falls, the heart-beats becoming smaller and smaller, 
until the pressure has sunk to a point very httle above the 
abscissa hne (level of no pressure). This fall in pressuie is 
due to the failure of the heart. The heart, badly supplied 
with oxygen, cannot overcome the enormous resistance pre¬ 
sented by the contracted arterioles; it gets over-filled, and 
gradually loses the power of expellmg any of its contents. If, 
when the blood-pressm'e has sunk to its lowest point, the 
heart be rapidly cut out of the body, it will at once begin to 
beat fairly forcibly, being relieved of the excessive internal 
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tension. The vessels however remain constricted until the 
death of the animal. This is shown by two facts. If, while the 
pressure is sinking, artificial respnation be recommenced, the' 
heart supplied with oxygen at once begins to beat more forcibly, 
and the blood-pressure may rise to an even greater height 
than immediately after the commencement of the asphyxia. 
Again, if the volume of the kidney be recorded by means of 
the oncometer, the rise of general blood-pressure produced by 
asphyxia is seen to be accompanied by a marked shrinking of 
the kidney, and this shrinking endures until the animal dies, 
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Curve of blood-piessure tracing during asphyxia The tracing was 
taken by a manometer connected with the femoral artery of a 
dog under curare Aiiiihoial lespu'ation discontmued at X Both 
vagi had been pieviously divided. 

showing that the fall of blood-pressure following the rise is 
due not to a givmg way of the arterial resistance, but solely 
to a failure of the heart.^ 

If in the dog, and to a less extent in other animals, the 
vagi be left intact, the blood-pressure tracing during asphyxia 
has quite another appearance. At the pomt of the tracing 
corresponding to the rapid rise in the previous experiment, 
there is in this case only a slight rise of pressure, but the 
heart begms to beat very slowly. At each beat it necessarily 

^ Theie aie no giounds for the statement sometimes made that constilo¬ 
tion of the lung arteiioles plays any part in this fall of blood-piessuie The 
mcreased distension of the right side of the heait after asphyxia by ligature 
of the trachea is due to the thinner walls and greater distensibility of this 
side of the heai-t, and to the fact that the forced lespiratory movements tend 
to fill the lung-vessela and the great veins, and so affect chiefly the right 
heart 
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Bends out a greater volume of blood than when it is beating 
more frequently, and hence the oscillations on the blood-pres¬ 
sure curve caused by the heart-beats become very large. This 
slow beat is due to the action of the vagus centre which is ex¬ 
cited by the venous blood, and it is at once abolished by section 
of the two vagi. The sparing of the heart by means of this 
vagus action enables it to last longer, and the final fatal fall 
of blood-pressure due to heart failure comes on rather later 
than when the vagi are divided. 

During the period of increased pressure, waves are often 
observed on the blood-pressure curve, which must arise in a 


Fia. 16S. 



Blood-pieaame tracings allowing Traube-Heiing cuiwos (C. J Mai*tin ) 


slow rhythmic variation of the constrictor impulses sent out 
from the vaso-motor centre. These waves are known as the 
Traube-Hering curves, and are not to be confused with the 
waves on an ordinary pressure-curve due to respiration, bemg 
much slower in their rhythm than the latter. They are 
observed not only during asphyxia, but may occur in blood- 
pressure tracings from normal dogs, and are frequent in dogs 
poisoned with morphia. Fig. 166 represents tracings obtained 
from a dog under the influence of morphia and curare. The 
upper curve, taken while artificial respiration was being carried 
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on, shows the 'three forms of curves—the oscillations due 
to the heart-beat, next in size those due to the respiratory 
movements, which in their turn are superposed on the slow 
prolonged curves, i,e. the Traube-Hering curves. The lower 
curve is taken immediately after cessation of the artificial 
respiration, and shows only the heart-beats and the Traube- 
Hering curves. 

The presence of Traube-Hering curves may generally be ascribed to a state 
of abnormal excitation of the vaso-motor centre. This excitation may arise in 
various ways A very frequent cause is the one just desonbed, viz increased 
venoBity of the blood supphed to the centre Well-marked Tiaube curves are 
often observed m cases of hasmorrhage. In spite of the loss of blood, the vaso- 
motoi centre at first maintams a normal arterial blood-pressure by means of 
vascular constriction. As the bleedmg continues, this means becomes inade¬ 
quate, and at this pomt the efforts of the centre take on a rhythmic character, 
givmg well-marked Traube curves, just as the arm of a man holding up a weight 
begms to shake before he is obhged to give way through fatigue. If the bleeding 
still continues, the pressure sinks steadily and the curves disappear The 
curves may also be often observed dmmg operations involving eiposme of the 
cold, and may possibly be ascnbed in this case to abnormal nutations ascending 
the posterior columns 


Spinal Vaso-motor Centres 

As already mentioned, the spinal cord contains a series of 
subsidiary vaso-motor centres presiding over the local vascular 
reactions of the different segments of the body. If an animal 
be kept alive by means of artificial respiration for some hours 
after division of the cord just below the medulla, these centres 
gradually resume their tonic influence, and the blood-pressure 
slowly rises. If, after two or three hours, artificial respiration be 
discontinued, the asphyxia excites the centres of the cord, just as 
it does those of the bulb in the normal animal. The motor dis¬ 
charge reveals itself however in a single prolonged spasm, not 
m a series of convulsions as is the case when the connections 
of the bulb are intact. At the same time a universal constric¬ 
tion of the blood-vessels occurs, which outlasts the spasm of 
the skeletal muscles and causes a very considerable rise of 
blood-pressure (®. Fig. 166a). 

Peripheral Vaseular Beactions 

Even after destruction of all connection with the central 
nervous system, the blood-vessels still possess considerable 
powers of mamtaining a tone, and adaptmg themselves to 
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changed conditions. Like all muscular tissues, the arterial 
wall is largely influenced by tension—increased tension acting 
as an excitant to increased contraction. Hence increased 
blood-pressure will cause contraction of the arterial wall, while 


Fig 166 a ygiS 



Blood pressure tiocing taken by a mercurial manometer fiom carotid 
artery of a dog, three hours after section of the coid, just 
below the medulla oblongata. At o the artificial respiiation 
was discontinued. A general spasm of the skeletal muscles 
occurred between x and x. The muscles then relaxed, and 
were fiaccid dunng the rest of the nse of blood-piessuro 

diminished blood-pressure will cause relaxation—a state of 
thmgs eminently adapted to the maintenance of a oontinuom 
flow of blood through a part, whatever may be the alterations 
of general blood-pressure conditioned by changes occurring in 
other parts of the body. 

Influence of Gravity upon the Circulatwn. 

In deahng with the mechanics of the circulation we spoke 
of a mean systemic or general blood-pressure. By this term 
we imply that the vascular system under normal circum¬ 
stances is always shghtly distended, even if the blood is at 
rest. The effect of the heart-beat is, by pumping blood from 
the venous to the arterial side, to depress the pressure in the 
veins below the mean pressure, and to raise that m the arteries 
above the mean pressure. On account of the much greater 
distensibility of the veins, the fall of pressure on the venous 
side is not nearly as marked as the rise of pressure on the 
arterial side. This mean systemic pressure probably amounts 
in dog to about 10 mm. Hg. It is difficult to measure 
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it with accuracy, owing to the fact that any cessation of 
the blood-flow, as by stoppage of the heart-beat, will tend 
indirectly to alter the state of contraction of the blood-vessels, 
and therefore the tension on the vascular walls. 

Owing to the distensibility of the vascular system, the 
pressure at any part, and the circulation as a whole, must 
be largely dependent on the influence of gravity. If we take 
a continuous tube of soft rubber and fill it with fluid to a 
pressure of 10 mm. Hg., so long as the tube is horizontal the 
pressure on. its walls will be the same throughout its whole 
circuit. If however the tube be hung up, the weight of the 
fluid will tend to bulge out the lower dependent parts of 
the tube, so that the upper part may be entirely collapsed 
and empty. The vascular system, being also distensible, 
would behave m a similar manner, if the state of contraction 
of its walls remained unaltered during changes of position. 
In man in the upright position the pressure m the femoral 
artery is 46 mm. Hg. higher than the pressure in the carotid 
artery. If there is paralysis of the blood-vessels, as occurs 
during admmistration of chloroform, or to a lesser degree as 
the result of illness, this increased pressure in the lower part 
of the body, includmg the abdomen, which ensues on change 
from a horizontal to a vertical position, may cause such a 
bulging of these vessels that they accommodate the greater 
part of the blood in the body. An insufficient amount is 
therefore returned to the heart, and fainting ensues from 
anssmia of the brain. In the normal individual the effects of 
change of position are at once compensated for by a change 
in the distensibiHty of the vessels, chiefly of the abdomen. 
These become more rigid m consequence of vaso-constrictor 
impulses arrivmg at them from the bulbar centres, and 
accommodate therefore no more blood than they did in the 
horizontal position at a lower pressure. If, from any reason, 
this compensatory action of the vaso-motor centre is im¬ 
perfectly carried out, the brain is insufficiently supplied with 
blood and the respiratory centre is also set into increased 
activity. The mcreased respiratory movements thus set up 
act as a respiratory pump, the contractions of the diaphragm, 
alternating with strong expiratory contractions of the abdo¬ 
minal muscles, serving to support the yielding abdominal 
vessels and to drive their contents on into the heart. 
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Sboxion 8 

THE OAPILLAEY OIEGULATION 

The capillaries may be regarded as the chief part of the 
circulation, since the whole object of the varied arrangements 
of the heart and arterioles is to secure an adequate flow of 
blood through these smallest vessels—that is, a supply of 
blood adequate to the needs of the tissues in which the 
oapfllaries are embedded. The transudation of lymph and the 
chemical mterchange between the tissues and the lilood take 
place only in the region of the capillaries and small veins. 
At present we have no evidence of an influence of the nervous 
system on the calibre of the capillaries, or on the interchange 
taking place between them and the surrounding tissues, 
although the circulation here is indirectly affected by changes 
induced in the calibre of the arterioles. 

The condition of the endothelial wall of the capillaiies and 
its influence on the blood-stream seem to be chiefly dependent 
on the nutrition of the surrounding tissues. This is well 
exemplified in the series of phenomena classed under the head 
of mflcmmaUon. By inflammation we understand those 
processes wherein the organism reacts to a destructive lesion 
of its tissues ; and these processes in the higher animals are 
connected with marked vascular changes, which can be well 
studied on the tongue of the frog. If this be spread out and 
arranged for microscopical observation, a beautiful picture of 
the normal circulation of the blood through the arterioles, 
capillaries, and veins is afforded. As a destructive lesion to 
call forth inflammatory changes, a small piece of the tongue 
may be cut off, or the tongue may be pamted with a very 
weak solution of croton oil. The followmg series of pheno¬ 
mena are then observed. At first the injury is followed by a 
dilatation of all the vessels, consequent upon dilatation of the 
arterioles , the blood rushes through the capillaries, and many 
vessels make their appearance which were before invisible. 
After a time, the vessels still remaining dilated, the stream of 
blood becomes slower, and it is then seen that in the small 
veins there are two layers: a layer next the vessel wall, in 
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which large munbers of leucocytes are present, and which 
remains almost stationary; and an inner layer of slowly 
moving red corpuscles. Since this slowing of the cu'culation 
is unattended by any narrowing of the cahbre of the vessels, 
it must be due to an increased fnction between the blood- 
plasma and its contents and the capillary wall. It has been 
explained by saying that the layer of endothelium is more 
adhesive. In the capillaries the endothelium is also thickly 
covered with leucocytes, but here the red corpuscles are 
mixed with the leucocytes, and there is not such a division 
into two layers as in the veins. Very soon, at one or two 
spots, it will be observed that a leucocyte is squeezmg itself 
or being squeezed through the capillary wall, so that half of 
it lies inside, half of it outside the vessels, and the emigra¬ 
tion speedily becomes complete. This emigration of white 

Eio 15fi 



Emigration of leucocytes through capillary wall. (Arnold.) 

blood-corpuscles increases in extent, and at the end of seven 
or eight hours the tissues in the immediate neighbomrhood 
of the small veins and capUlaries are infiltrated with masses 
of leucocytes. At the same time the amount of lymph that 
transudes through the vessel-walls is largely increased, so 
that it cannot be carried off quickly enough by the lymphatics, 
and remains in the interstices of the tissues, causing a swellmg 
or cedema. 

The true significance of this process of inflammation 
has been pointed out in recent years by Metchmkoflf. This 
observer has shown that all the vascular phenomena of m- 
flammation are directed towards furthering the emigration of 
leucocytes, and that these leucocytes, or phagocytes, have the 
power of devourmg the irritant body if it be a micro-organism, 
or of removing the tissues killed by the lesion, and so clearmg 
the ground for a regeneration of the tissue. It is probable 
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that the ingestion of micrp-organisms is often preceded by 
the secretion of some material from, e.g, the eosinophile 
cells, which kill the bacteria or prepare them in some way 
for their ingestion. Snch a condition of phagocytosis— 
that is a collection of wandering cells to devour and remove 
dismtegrated tissues, foreign bodies, or micro-organisms— 
has been shown to occur m all animals, even in those 
destitute of a vascular system. The animals with such 
a system have the advantage over the lower animals, 
in that the circulating blood is always bringing up fresh 
relays of leucocytes to vanquish and destroy the ofiEending 
body. In many cases the chemical or microbic influence 
destroying the tissues is too powerful for the leucocytes to 
overcome; they also are destroyed, and the dead leucocytes 
collect m the tissues and form pus. If the leucocytes are 
successful in removing the irritant body, they disappear, 
perhaps wandering back into the blood-stream, and the lost 
tissue is replaced by regeneration of the surrounding tissues. 
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Section 9 

VAEIATIONS IN THE QUANTITY 01 BLOOD 

From a few observations on executed criminals it has been 
determined that the amount of blood in the human body 
forms about one-thirteenth of the body-weight. Thus a man 
weighing 66 Idlos would have about 6 kilos of blood in his 
vessels. 

The determination of the total blood is carried out in the following way A 
small sample of blood is token and diluted one bundled times with distilled 
water. The animal is then bled to death, the blood defibnnated, and the 
vessels washed out with water, until the outflowing fluid is no longer tmged 
with hfBmoglobin. The organs veiy iioh in blood, such as the liver and spleen, 
are minced and washed free from haemoglobin All the blood and the washmgs 
- are then mixed together, and diluted with water until the tmt of the mixture is 
exactly identical with that of the fiist sample. We then have only to divide 
the total volume by 100 to arrive at the amount of blood contamed m the animal’s 
vessels 

A method has been devisod by Haldane by means of which the total volume of 
blood can be determined in the living subject The animal oi man experimented 
on IS made to breathe in and out of a bag oontaming a measured quantity of 
CO gas, mixed with pure oxygen The expiied air is allowed to pass through 
soda hme on its way back to the bog m ordei to absorb the carbon dioxide, and 
fresh oxygen is supplied fiom a reservoii as that m the bag is used up. When 
the oxygen has displaced all the 00 gas into the lungs, the bog is disoonneoted, 
and a sample of blood token, the relative amounts of OO-hiemoglobin and of 
oxyhaBmoglobm being determined by a colorimetric method. The amotmt of 
OO-haimoglobm can be estimated from the amount of 00 absoibed m the 
course of ttie experiment, and since the proportion of CO-hasmoglobm to total 
haBmoglobin has been also determmed, it is easy to calculate the total amount 
of hsamoglobm in the body. 

A determination of the relative content of tho blood in hcemoglobin now 
enables us to calculate the total mass of blood. Estimations earned out m this 
way by Haldane and L. Smith led to the conclusion that the amount of blood 
m the body is not ^ as generally assumed, but less, varying in different indi¬ 
viduals from ^ to the aveiage bemg 

Plethora and Hydrcemic Plethora 

The effects of increasing the total volume of circulating 
fluid may be studied by injecting several hundred cubic 
centimetres of defibrmated blood or normal saline flmd into 
a vein. In the latter case, since the blood is rendered more 
dilute, the condition is called hydrsemic plethora. 

On the arterial pressure the lesult of such an injection is 
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not very marked. There is a slight initial increase in the 
pressure, but the increase is by no means proportional to the 
amount of fluid mjected, showmg that the fluid is not to any 
large extent contained in the arterial system. On RTn.tmni‘Tig 
the pressure in the veins however we find a very great relative 
rise of pressure, and on opening the .abdomen it is seen that all 
the vems are distended and that the liver is swollen. The 
effect of mcreasing the volume of circulating fluid would be to 
increase the mean systemic pressure, and therefore one would 
expect to find a large increase both in arterial and venous 
systems. B^t the organism prevents the rise on the arterial side 
by relaxing the whole system of arterioles, so that the distri¬ 
bution of pressures is altered, and the venous approximates 
more closely to the arterial pressure. This arterial dilatation 
however augments the velocity of the blood: it has been 
found that the velocity may be accelerated to six or eight 
times the normal rate by injecting an amount of salt solution 
equivalent to 60 per cent, of the total blood. 

Tho high venous pressure causes increased diastolic fillin g 
of tho heart, and therefore augments both strength and fre¬ 
quency of the beat. Thus the work of the heart is mcreased 
in three ways, viz. by:— 

(1) Else of arterial pressure. 

(2) Greater frequency of bent. 

(3) Increased output at each beat (Fig. 148). 

These series of changes result however in the relief of the 
vascular system. The heightened pressm’e in the abdommal 
veins and capillaries causes a great leakage of fluid m the 
form of lymph from the capillaries of the intestines and liver, 
while the increased pressure and velocity of the blood m the 
glomeruli of tho kidney induce a copious secietion of urine, 
BO that within a couple of hours after the mjection of salt 
solution tho volume of tho circulating fluid may have letiuned 
to normal. 

This rocovery is effected with greater difficulty if the 
plethora has boon brought about by the injection of defibri- 
iiatod blood, smee this fluid cannot escape rapidly horn 
tho capillaries, nor can it be excreted unchanged by the 
kidneys. Hence it is easy to kill an animal by wearing out 
its heart, if too large quantities of detibrinated blood be in¬ 
jected. The ultimate fate of the injected blood is to bemused 
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as food by the tissues, and to be eliminated by the ordinary 
channels. 

ItmiiBf; be remembered tbut the blood serum of one animal is often poisonous 
for the oorpuseles of another. Thus a few o o of dog’s semm injected mto 
the peritoneal oavity of a rabbit will cause death This poisonous action 
IS also shown by mixing dog’s serum with defibrmated rabbit’s blood, m 
which case the red corpuscles of the latter are broken up, settmg free hesmo- 
globin (hBjnolysis) 

The Effects of Hemorrhage. Anemia 

Any diminution of the total volume of the blood, as by 
bleeding, would tend to lower the preBsm'e on ^oth sides of 
the system. The vaso-motor centre however strives to mam- 
tain a normal arterial pressure, and so the circulation through 
the brain unaltered. This object is carried out by a general 
vascular constriction, which diminishes the total capacity of 
the system and alters the distribution of pressure throughout 
the system, tending to heep the blood as much as possible 
on the arterial side. Thus a slight loss of blood has no 
influence on the arterial blood-pressure, but causes a fall of 
pressure in the veins, blanching of the abdominal organs, and 
diminished flow of urine. The heart beats very frequently, 
and so aids in emptying the venous into the arterial system. 

The deflciency of circulatmg fluid caused by bleeding is 
soon remedied by a transfer of fluid from the tissues to the 
blood. This transfer is independent of the flow of lymph 
from the thoracic duct into the blood, and is the direct 
consequence of the universal fall of capillary pressure which 
results from the bleeding. The abstraction of fluid from the 
tissues is responsible for the extreme thirst which is the result 
of heemorrhage, and which directs the animal to take up by 
the alimentary canal the fluid which is wanting to the body. 

This transfer of fluid from tissues to blood is extremely 
rapid; even during the course of a bleeding it is found that 
the later samples of blood are more dilute than those obtamed 
at the beginning. 

This mechanism suffices only to make up the supply of 
cu’culating fluid. After a bleeding however an animal has 
lost proteids and blood-corpuscles, and these constituents of 
the blood are but slowly restored, the former directly from 
the food, the latter by an increased activity of the blood- 
foimmg cells in the red marrow. 
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GHAPTEE VII 

✓ LYMPH AMD TISSTJE-FLTJIDS 

In no part of the body does the blood come in actual 
contact with the livmg cells of the tissue. In all parts 
the blood flows m capillaries with definite walls consist¬ 
ing of a single layer of cells, and is thus separated from the 
tissue-elements by these walls and by a varying thickness 
of tissue. In some organs, such as the liver and lung, every 
cell is in contact with the outer surface of some capillary ; 
while in others, such as cartilage (which is qmte avascular), 
a considerable thickness of tissue may separate any given 
cell from the nearest capillary. A middleman is thus needed 
between the blood and the tissues, and this middleman is 
the lymph which fills spaces between all the tissue-elements, 
so that any tissue can be regarded as a sponge soaked with 
lymph. 

Thi’oughout these spaces we find a close network of 
vessels lined, and separated from the tissue spaces, by a 
layer of extremely thin endothelial cells, and this plexus com¬ 
municates with definite channels—lymphatics, by which any 
excess of fluid in the part is drained off. The lymphatics 
all run towards the chest, where those of the limbs jom 
a large vessel (the receptaculum chyli), which carries the 
lymph from the alimentary canal, to form the thoiacic duct. 
This runs up on the left side of the oesophagus, to open into 
the great vems at the junction of the left internal jugular 
with the subclavian vem. A small vessel on the right side 
drains the lymph from the right upper extremity and right 
side of the chest and neck. 

i The lymph may be looked upon as a part of the plasma 
I which exudes through the capillary wall, bathes all the 
^ tissue-elements, passes between the endothelial cells into the 
5 peripheral lymphatic network, whence it is carried by lym- 
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phatic trunks into the thoracic duct, by which it is returned 
again to the blood. 

It is easy to obtain lymph for examination by putting 
a cannula (a small tube of glass or metal) into the thoracic 
duct, and collecting the fluid that drops from it in a glass 
vessel. 

We may also tap in a similar way one of the large lym¬ 
phatic trunks of the limbs ; but in the latter case we have to 
use artificial means to induce a flow of lymph, since little or 
none can be obtained in a normal animal from a limb at rest; 
the only part of the body, where there is normally a constant 
flow of lymph, bemg the alimentary canal. And thus we 
cannot regard the flow of lymph from a part as any index of 
the chemical changes going on at that part. In a limb at 
rest foodstuffs are being taken up from the blood and being 
burnt up by the muscles with the production of COj, although 
we may not be able to obtain a drop of lymph from a cannula 
in one of the lymphatics. 

The lymph is thus truly a middleman; as any substance, , 
oxygen or foodstuff, is taken up by a tissue-cell from the lymph 
surrounding it, this latter recoups itself at once at the expense ' 
of the blood. 

Thus there would seem to be no need for lymphatics to 
drain the limb, were it not that under many conditions which 
we shall study directly, the exudation of lymph from the 
blood-vessels is so excessive that, if it were not carried off at 
once and restored to the blood, it would accumulate in the 
tissue-spaces, give rise to dropsy, and by pressure on the cells 
and blood-vessels affect them injuriously. 

Pbopertibs of Lymph 

Lymph obtained from the thoracic duct of an animal 
varies in composition and appearance according to the con¬ 
dition of the animal, whether recently fed or fasting. From 
a fasting animal the lymph is a transparent liquid, generally 
slightly yellowish, and sometimes reddish from admixture of 
blood-corpuscles. When obtained from an animal shortly 
after a meal, it is milky from the presence of minute particles 
of fat that have been absorbed from the alimentary canal. 
In the latter case, if the intestines be exposed, the small 
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lymphatics are to be seen as white lines running feom the 
intestine to the attached part of the mesentery. It is owing 
to this fact that these lymphatics have received the special 
name lacteals, the lymph m them being called the chyle. 
The fatty particles form the molecular basis of the chyle. 

On microscopic examination the transparent lymph of 
fasting animals presents colourless corpuscles similar to those 
of blood, or perhaps we ought to say identical, since the 
leucocytes of the blood are probably derived from the cor¬ 
puscles that have entered with the lymph through the 
thoracic duct. 

All the lymphatics pass at some point of their course 
through lymphatic glands, which we may look upon as fac¬ 
tories of leucocytes, since these are much more numerous 
in the lymph after it has traversed the gland than before. 
Leucocytes are also formed in all the numerous localities 
where we find adenoid tissue, such as the tonsils, air passages, 
alimentary canal (Peyer's patches and solitary follicles), 
Malpighian bodies of the spleen, and thymus. 

I The lymph is alkaline, has a sp, gr. of about 1015, and 
^fiata^at a variable time has left the vessels, forming 

a colourless clot of fibrin, just like blood-plasma. It contains 
about 6 per cent, of solid matters; prnteips consistin g p f 
I 6bmiQgep» paraglobujin, and serum albumen. The salts are 
similar to those of the liquor sanguinis, and are present m 
the same proportions. 

The PnoDuoTioN of Lymph 

Many physiologists have thought that, in the transudation 
of the fluid which forms the lymph, there is an active inter¬ 
vention on the part of the endothelial cells composing the 
capillary wall, and that lymph is therefore to be regarded as 
a true secretion. A careful investigation of the known experi¬ 
mental facts has failed to show that the endothelial cells act 
otherwise than passively, as filtering membranes of variable 
permeability. The factors which are responsible for the 
transudation of lymph may be divided into two classes— 
mechanical and chemical, the former depending largely on 
the pressure of the blood in the vessels, and the latter chiefly 
on the metabolism of the cells outside the vessels. 
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According to the views here laid down, the formation of 
lymph may be compared to a process of filtration. If this 
view is correct, the amount of lymph formed in any given 
capillary area must be dependent on the difference of pres¬ 
sure between the blood in the vessels and the fluid in the 
extravascular tissue-spaces. This latter pressure is normally 
extremely low, so that in attemptmg to test the truth of this 
view, we must try the effects of altering the pressure inside 
the vessels, in the expectation of finding that the lymph pro¬ 
duction wiU rise and fall as the capillary pressure is increased 
or diminished. On attemptmg to carry out such experiments 
in diff erent parts of the body, we have to reco^se another 
factor besides the capillary pressure, viz. the pemeability of 
the vessel-wall. Whereas the capillary walls in the limbs 
and connectiv e tissues generally present a very considerable 
resistoce to the filtration of lymph through them, and keep 
back the larger portion of the proteins of the blood-plasma, 
the intestinal capillaries are much more permeable, giving at 
moderate capillary pressures a continual flow of lymph and 
separating off only a small proportion of the proteins. It is 
in_the_liver however that we find the greatest permeability. 
Her e a ver y small pressure suffices to jproduce a great transu¬ 
dation of lymph, containing practic ally th e same .amount of 
protein as the blqod-plasma from which it is formed. 

The ease with which fluid passes out from the oapillanes of the hver is 
probably du e to th e fact that these vessels, unhhe most other oapillanes of the 
body, bave not a complete endothelial lining Thus it is impossible to display 
a continuous endothelial hning by means of silver nitrate. The cells surround- 
mg the capillaries are large and branched, and possess marked phagooytio 
powers, so that after an injection of caimine granules or bactena into the 
blood stieam these bodies are found m quantity within the cells Owing to the 
incompleteness of this mveatment, the hver cells m many places abut on 
the lumen of the capillary On injecting the blood system of the hver, the \ 
injection is found to run with ease mto channels situated withm the oeUs 
themselves, and it is reasonable to conclude that the blood plasma takes the 
same course through these intiacellulai channels, by whioh it passes into 
the lymphatics which lie at the periphery of the lobules 

In GxgenmentB on the lymph production in the limbs 
alterations of capillary pressure have but slight_effect. The 
lym ph-flow from a limb lymphatic is practically unaltered by 
changes m its arterial supply, although a definite increa.se 
may be obtamed by ligaturing all the veins of the limb so as 
to cause a veiy great use of capillary pressure The lymph- 

19 
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flow fromt he intesti nes can be measured by collecting the 
lymph from the thoracic duct. If the lymphatics which 
leave the liver in the portal fissure be previously ligatured, 
the ^hole of the thora cic duct-lymph in an animal at lest is. 
deri ved fro m _the intestines. It will be found that lowering 
of the capillary pressure in these organs by obstructmg th© 
thpracio aorta stops the flow of lymph absolutely, whereas a 
rise of capillary j rassure, such as that produced by ligature 
o f the portal v ein, causes a four- or five^fold increase of the 
lymph. 

The_effeot of rise of capillary pressure on the lymph-flow 
IS still m ore striking in the case oi. the liver . If Hie mferior 
v ena cava b e obstructed just above the opening oT the hepatie 
veins Tthe re is a great fall of arierial pressure, but, owing to 
the damming back of the blood, a rise o f pressure m_the liver 
capillaries to three or four times the normal amount. Thitt 
rise causes an enormo us in crease in Jhe lymph-flow fromTiho 
thoracic duct. The lymph may be increased eigh^ to ten 
times m amount, and it contains_ more protem than before. 
If th e portal lymphatics be previously Upatuied, obstruction 
of the infmqr cava has no effect on the lymph-flow, showing 
that the whole of thm mcrease is derived from the one region 
of the body where the capillary pressure is increased, viz. the 
liypr. 

I We must conclude that m those regions of the body whero 
the capillaries are fairly permeable, the most important factor 
m the lymph production is the intracapillary pressure. 

I^the.case of the limbs and connective tissues generally, 
the pressure factor is probably, under normal conditions, of 
less importance, so that the second condition, the chemical, 
comes here more into prominence. The capillary wall not 
only permits of filtration under ceitam pressuies, but also 
allows the passage of water and dissolved substances liy diffu¬ 
sion and osmosis. These osmpticjinterehanges between blood 
and cell through the intermediation of the lymph aie con¬ 
stantly going on m the normal life of the tissue, and aio quite 
independent of the amount of lymph produced. Thus a 
gland-cell may use up oxygen, calcium, or sugar, and create 
a vacuum of these substances in the layer of lymph imme¬ 
diately sm*rounding the cell. There is at once a disturbance 
of the equilibrium, and a flow of these substances fiom blood 
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to lymph IS set up. In consequence of the wonderful arrange- 
m^ts in the tissues for “ensuring the intimate contact of 
blood and lymph without intermmgling, these changes can 
occin: with great rapidity. We find, fqr instance, that if a 
very large amount (40 grms.) of dextrose,be injected into the 
circulation, osmotic equilibnmn^between blood and lymph is 
established wit^ half a minute of the termination of the 
injection. In this case the rise of osmotic pressure ^ caused 
by the injection of the sugar attraods wato from the lymph, 
and t his m it s^urn from the tissue-cells, until the osmotic 
pressui'e inside and outside the vessels is the same. By 
this means the volume of the circulating blood is increased 
a^the expense of_ the tissues. A process of this character 


Fig 157 



Diayiam to show lelation of the aeoretmg cells of a gland to the 
blood and lymph supply. 


may however work uader normal circumstances in the 
reverse dnection, and le^to a passage of fluid from blood 
t o tis sues and tissue:spaces. Every active contraction of 
a muscle, for instance, is attended by the breaking down 
of a few large molecules into a number of smaller ones, and 
this increase m the number of molecules causes a rise of 
osmotic pressure m the muscle-fibre and surroundmg lymph, 
and theiefore a passage of fluid from blood to lymph. In the 
same way a cell of the submaxillary gland, when stimulated 
by means of its nerve, pours out a quantity of fluid into the 
gland-duct, and so mto the mouth. This fluid comes in the 

* A fuller description of the phenomena of osmotic preasuie will be found in 
Chapter X. 
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first instance from the cell itself, but the cell recoups itself 
from the surrounding lymph, raising the concentration of this 
fimd, and the difference m concentration thus caused at once 
induces a passage of water from blood to lymph (Fig. 157). 
Hence saKvary secretion is associated with a large flow of 
flmd through the capillary walls of the gland. In this passage 
the endothelial cells of the capillaries play no part, the whole 
process being conditioned by changes in the extravascular 
gland-cell. We have only to paralyse the gland-cell by means 
of atropjfi in order to see that the active flushing of the gland 
which accompanies activity produces merely a minimal ip- 
creaie in the lymph-flow from the gland. 

'^Tlie influence of tissue-activity m the production of lymph 
is still better shown in the case of a large gland, such as the 
liver.~ Stimulation of this organ by the injection of bile salts 
i^ the blood-stream causes a large mcrease in the lymph- 
flow from the organ, and therefore m the lymph-flow from the 
thoracic duct. 

It is important to remember that the relative insuscep- 
tibihty of the limb capillaries to pressure holds only for the 
absolutely normal capillary. Any factor which leads to im- 
pau-ed nutrition of the vascular wall, such as deficiency of 
supply of blood or oxygen, the presence of poisons in the blood 
or m the sm-rounding tissues, Bcaldi^_or freezing, incrmses 
at the same tune i ts per meabihty. Under such conditions 
the limb capillary reacts to changes of pressure like a .liver 
capillary, the slightest increase of pressure causmg an appreei- 
aU^creaseinthe lymph production. This increased lymph 
production may be too great to be carried off by the lymphatic 
channels, so tha t the exuded fluid stays in the tissuej-spaces, 
distending them and causmg the condition Imown as oedema 
or dropsy. 

LvmphaqoQues .—Among the substances which have a 
direclactipn' on the vessel wall are a number of bodies which 
were described by Heidenham as lymphagogues of the first 
class. As then name implies, these bodies on injection into 
the blood-stieam cause an increased flow of lymph fiom the 
thoracic duct. They may be extracted from the dried tissues 
of crayfish, jaussels, or leeches by simple boiling with water. 
Commercial peptone has a similar effect. Heidenham regarded 
these bodies as direct excitants of the secretory activities of 



LYMPH ASD TISSTTE-IXUIDS 


298 


the endothelial cells. They are however general poisons, 
haying a special action on the vascular system, and their 
effect on the lymph production is probably due simply to them 

Fio. 168. 


I ) 
I \ 
I ' 



Blid to 240 ccm Inj 16 grama dextroaa 


Curves to show the influence of intravenous injection of dextiose on 
the arteiial and venous pressuiea and on the flow of lymph from 
the thoiaoio duct The upper diagram repieaents the effect of 
the mjection of dextrose m a normal animal, j, e nae of arterial 
and venous pressures, and large increase m lymph. The lower 
curve shows the effect of mjectmg dextrose after a preliminary 
bleeding In this oase the fluid attracted into the vessels by the 
sugai only just suffices to make up for that lost m the bleedmg. 
Hence the venous and arterial pressuiea are little altered fiom 
normal, and theie is very little mcrease m the lymph flow. 

In both diagiams— 

Thick contmuous line = arterial blood-pressure m cm Hg 
Thin „ „ = portal „ m cm water, 

Thm dotted line = vena cava „ „ „ 

Thick „ lymph-flow m c c. pei ten mmutes. 

deleterious action on the capillary wall. Although these 
bodies act chiefly on the hver capillaries, so that the •m a.m 
increase in the thoracic duct lymph is derived from the liver. 
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thej; can be shown also to have some effect in the same 
direction on the intestinal and skin capillaries. In fact the 
injection or ingestion of these bodies often gives rise to a 
copious eruption of nettle-rash, i.e. swellings of the skin due 
to an increased_ exudation of lymph into the meshes of the 
cutis. 

An increased lymph-flow from the thoracic duct may he 
produced also by the injection of large amounts (10 to 40 
grms.) of innocuous crystaUoids such as dextrose, urea, or 
so^um chloride into the circulation. In^this case the lymph 
becomes much more dilute. The explanation of the action of 
these bodies'is ve^ simple. We have already seen that mjec- 
tion of large amounts of dextrose into the circulating blood 
raises the osmotic pressure of this fluid. The blood there¬ 
fore imbibes water from the tissues and swells up, a con¬ 
dition of hydrsBmic plethora is brought about as surely as if 
several hundred cubic centimetres of normal salt solution were 
injected into the circulation. This mcrease m the total volume 
of the blood causes a rise of pressure throughout the vascular 
system,—arteries, capillaries, and veins,—and the inci eased 
capillaiy pressure combiued with the watery condition of the 
blood induces a greaWransudation of lymph, especially in 
the abdominal organs. The lympli is more watery because 
the blood also is diluted. That the action of tliese bodies 
IS purely_mechanical is shown by the fact that, if the rise of 
capillary piebsure be prevented by bleeding the animal imme¬ 
diately befo^re jthe injection, the increase in the lyniph-flov is 
alsojpievented (Pig. 158, p. 298), although the concentiation 
of the sugar or salt in the blood is still greatei* than in the 
experiments in which bleeding was not perfonned. 


Movement of Lymph 

In the frog the circulation of lymph is maintained by 
rhythmically contracting musculai sacs, which are placed in 
the coufse of the main lymph-channels, and pump the lymph 
into the veins. In the higher ammals and in man, the onward 
flow of lymph is effected partly by the piessure at wdncli it is 
secreted from the capillaries into the inteistices of the tissues, 
but also to a laige extent by the contractions of the skeletal 
muscles. In the smaller lymph-radicles the pressure of 
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lymph may attain 8 to 10 mm. soda solution. In the thoracic 
duct, at the point where it opens into the great veins of the 
neck, the pressure is obviously the same as in these veins, 
that is to say, from —4 to 0 mm. Hg, the negative pressure 
bemg occasioned by the aspiration of the thorax. This differ¬ 
ence of pressure is sufficient to cause a certain amount of 
flow. It must be remembered however that under normal 
circumstances no lymph at all flows from a resting limb. 
The only part of the body which gives a continuous stream 
of lymph durmg rest is the alimentary canal, the lymph 
m which is poured out into the lacteals, and thence makes its 
way through the thoracic duct. Movement, active or passive, 


Fig 169. 



A lymphatiQ vessel laid open to show arrangement of the vadves. 
(Testut) 


of tho limbs at once causes a flow of lymph from them. 
Since the lymphatics are all provided with valves (Fig. 169), 
the effect of external pressure on them is to cause the 
lymph to flow m one direction only, ».e. towards the thoracic 
duct and great veins. Hence we may look upon muscular 
exeition as the greatest factor m the circulation of lymph. 
The flow of lymph from the commencement of the thoracic 
duct in the abdominal cavity to the main part of it in the 
thoracic cavity is materially aided by the respiratory move 
ments ; since, with every mspiration, the lacteals and abdo¬ 
minal part of the duct are subjected to a positive pressure, 
and the mtrathoracic part of the duct to a negative pressure, 
so that lymph is continually being sucked mto the latter. 


The Absorption of Lymph and Tissue-fluids 

On mjectmg a coloured solution or suspension into the 
coiinectiVO tissues of any part of the body, and gently kneading 
the part, it is found that the fluid fills all the lymphatic 
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channels running from the part; and we can in this way 
inject the lymphatics of the limb and trace their course on 
to the thoracic duct. The same path is taken by micro¬ 
organisms as they spread in the tissues, or by particles of 
carmine or Indian ink which have been mtroduced in tattoo¬ 
ing. It is on account of these facts that the lymphatics are 
often spoken of as the absorbent system. 

This process of lymphatic absorption is however a slow 
one, unless aided to a large extent by passive or active 
movements of the surroundmg parts, and cannot therefore 
account for the rapid symptoms of poisonmg which super¬ 
vene withiu two or three minutes after the hypodermic 
injection of a solution of strychnine or other poison. That 
this absorption is not dependent on the lymphatics is shown 
by the fact that the symptoms occm' almost as quickly, when 
all the tissues of the limb have been severed with the excep¬ 
tion of the main artery and vein. In the same way, after 
injecting methylene blue or indigo carmme into the pleural 
cavity or subcutaneous tissues, the dye-stuff appears in the 
urme long before any trace of colour can be perceived in the 
lymph flowing from the thoracic duct. The absorption in 
these cases is by the blood-vessels, and consists in an inter¬ 
change between blood and extravascular fluids, apparently 
dependent entirely upon processes of diffusion between these 
two fluids. So long as any difference in composition exists 
between the intra- and extra-vascular fluids, so long will 
diffusion-currents be set up, tendmg to equahse this difference. 

More dij0S.culty is presented by the question of the 
mechanism of absorption by the blood-vessels of the normal 
tissue-fluids—such an absorption as we have seen to occur 
after loss of blood by hsamorrhage. It seems probable 
however that this absorption depends on the small propoition 
of protein contained in the tissue-fluid as compaied with the 
blood-plasma. If blood-serum be placed in a bell-shaped 
vessel (the mouth of which is closed by a gelatinous mem¬ 
brane which does not pernnt the passage of protem), and 
suspended m normal salt solution, it is found that the serum 
absorbs the salt solution until the manometer attached to the 
hell-jar indicates a pressure of 26-80 mm. Hg. Thus we 
may conceive that there is normally a balance in -the capil¬ 
laries between the processes of exudation and of absorption, 
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the former being conditioned by the capillary blood-pressure 
and the latter by the difference in protein content, and there¬ 
fore of osmotic pressure between the blood-plasma and tissue- 
lymph. A rise of capillary pressure will upset this balance 
in favour of transudation and the blood will become more 
concentrated, whereas a fall of pressure will turn the scale m 
favour of absorption and the volume of blood will be increased 
at the expense of the tissue-fluids. 


The Part plavbd by xhb Lymph in the Ntjtbition op 
THE Tissues 

The fact that the tissue-cells are separated by the lymph 
and the capillary wall from the blood shows that in all inter¬ 
changes between the blood and tissues, the lymph must act 
as the medium of communication. The lymph-flow however 
plays very little part in this process. The muscles of a 
resting limb are talong up nourishment as well as oxygen 
from the blood and giving off their waste products—carbonic 
acid and ammonia, though not a drop of lymph may flow 
from a cannula placed in a lymphatic tru nh of the limb. In 
fact the interchange of material between tissue-cell and blood 
through the mediation of the lymph is carried out in the 
same way as are the gaseous interchanges, viz. by a process 
of diffusion. This explanation however holds good only for 
the diffusible constituents of the blood and will not account 
for the supply of the indiffusible protein molecules to the cell. 
Apparently the only way in which the tissues can obtain their 
supply of protein is from the small proportion of this substance 
which has filtered through the vessel-wall into the lymph. 
The mcreased exudation of concentrated lymph to the tissues 
which occurs m inflammatory conditions or as the result of 
injury is therefore of advantage, since it furnishes an abun¬ 
dant supply of protem food to be used up in the regeneration 
of the damaged cells. 
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OHAPTEE VIII • '*^7^ 

v^TSE MECHAEISlfS OF DIGESTION 

Section 1 

GBNEEAL CHAEACTBES OF THE PEOOB8SES OF 
DIGESTION 

We have already mentioned that the cells derived from 
the hypoblast of the embryo, and Iming the inner surface of 
the^tube from -which the body is formed, are alimentary in 
function, %.e. they have the office of taking up the various 
foodstuffs and converting them into a form suitable for 
assimilation by the other tissues of the body. In some of the 
lower animals the cells Iming the alimentary canal devour 
the food particles in the same manner that the amoeba does, 
secreting around them, after mgestion, a flmd which seems 
to dissolve them. In the higher Vertebiates this process is 
simplified, in that the cells Immg the canal are differentiated 
mto those that secrete a fluid capable of dissolving foodstuffs, 
and those which have the duty of absorbing the foodstufts 
that have been rendered soluble by the action of the digestive 
fluids. The secreting cells are collected together in depressions 
or outgrowths of the epithelial Iming of the alimentary canal 
to form glands; and the secretions m different paits of the 
canal have different properties, some being adapted to rendermg 
soluble the starchy constituents of food, while the action of 
others is limited to protems. 

During the time that the Jood is ^in t he.raoft tb it is acted 
upon the-BarQtidy.&ubma3uJiary, 

^and sublingual, s^^livary glands. And here we find the chief 
digestive action consists m the conversi on of insoluble starch 
g<;feble dextrm^and sugar.// 

In tb e_fltnmQP>i the food is acted on by the ga^dc 
the secretion of a number of simple tubular glands with 
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which the mucous membraoie is thickly set. Its actio n 
is on the nroteins, hyd^ratm^ thfisfl an d conv f^yHnof jJa^n n. mt o 
albumoses and pep tones . In^the duodenum the food is acted 
on by th e pancreatic-juice and the bile, t^e secretipn o j th e^ 
l^yey. Xhe former has a" digestive influence on all three 
classes^ of foodstuffs, c^nyertinR__§_tarch into suear, p rotein s 
into peptones, and splittmg up MutralJats with t he fonpa - 
t ion of_glycerm and7_iree fatt y acids ./. In the small and 
large intestine the mucous membrane is thickly set with a 
number of simple tubular glands, which are called Lieber - 
kjihn's fol licles . These secrete an alkaline juice, which has 
only slight digestive powers. It ^gtains inyert_ fer ment s 
w^ch convert cane-sugar mto , leevulose and de xtroge, and 
maltose into,de xtro.se > and also ^a fermentj^ ^shich^bJftP 

the property of causingji CQgjplete hydrolysis of ttLe^alburopses 
and peptones ^eady formed by the agency of gastric and pan- 
creaticjmces, and cqnvertmg them into amino-acids and bases. 

Ferments. — -All the^digestive juices_o_we their powers to 
the_ presence in them of certain ferments ; and we may take 
the opportunity of saymg a few words with regard to ferment 
action in general. Ferments enter or are said to enter into 
most of the physiological processes of the body. To a Jer- 
ment hj,s been ascribed ujiromiQfintjifli't iu, the coagulation 
of ihe blood; and we shall meet with them later on in con- 
Bidermg the functions of the liver and kidney. But it is jiji 
d^ation that tl^og^e bodies play the most important part. In 
all the changes that are effected by then agency there is the 
conversion of a body of hi^h potential energy into one with 
less potentia l ener gy; and this conversion is in most cases 
associa ted with h ydrol ysis, i.e. the origmal body is combined 
with one or more molecules of water to form the new substance [ 
of lower potential energy. 

In inquirmg mto the nature of ferments we aie met at the 
outset with the difficulty that probably no one has ever pre¬ 
pared a pure ferment; so that we can only study their pro¬ 
perties by studymg those of the fluids or precipitates presumed 
to contain a ferment from the fact that they can give rise to 
certain changes in other substances. First, as to the condi¬ 



tions of their activity. A fer ment such as^diasta^ can co nveit 
an indefinite amqun^^^pf. ^ Rfech into sugar, pr ovided that 
the product of its activi ty (^.e. the sugar) be not allowed^to 
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aMurmjlate in too large a quantity. Thus by mcreaBinp the 
steength of a ferment solution do not rncrsftse the amount 
gf^substqjice it is able to transform, but , merely th e rapidity 
oLits action. 

The exact effect moreasmg the amount of ferment vanes according to the 
nature of the ferment in question Thus m some cases, as with diastase, the 
rapidity of change of the starch is m direct proportion to the amount of fer¬ 
ment present. If a given solution takes four minutes to oonvert a starch solu¬ 
tion to the ‘ aohromio the stage at which no ooloratoJ is j^iyen with 

iodin e), a ferment solution of double the strength will take only two minutes to 
effect the some change In the case of other ferments, such as pepsm and 
trypsm, it is necessary to mcrease the concentration of the ferment four times 
m order to double the rate of change produced 

A ferment is active only within certain limits of tempera¬ 
ture; and for each ferment there is a certain optimum 
temperature at which its activity is greatest. This, for the 
ferments met with in the body, is between 40® and 45° C. 
For the diastase of malt it is between 60° and 66° C. At a 
temperature of 0° the activity of all ferments that occur in 
warm-blooded animals is indefinitely checked, although it has 
been shown that the pepsin or gastric ferment of fishes stfil 
preserves some power at this temperature. At 66° C . all fe r- 
menAB_niel^wij;^ injhe body^ are destroyed, an^o not recover 

O^^CQQ^g. 

They are soluble m distilled water, and pi:§gipitated from 
their solutions alcohol. The dig estive ferm_en^ arejne- 
cipitate d by ^saturation of their solutions '^itX ammonium 
sulph ate. This method has been used for obtainmg them in 
a state approaching purity, and they have been found to have 
the general composition of protems. The amount that can 
be collected however is so small that it is impossible to make 
an accurate study of their properties, and even then we do 
not know whether the substance we have represents the pure 
ferment, or is merely a protein to which the ferment is mti- 
mately adherent. 

! A ferment is th erefore a body whmh can effect changes in 

' a surrounding fluid of certain bodies of high potential energy 
. into bodies of more stable composition \yith an evolution of 
Enetic en ergy in t he form of heat, without itself being used 
up in the proc ess. 

It'has long been known that the action of a ferment 
was impeded and finally checked by the accumulation of the 
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products of its activity in the solution. Thus diastase added 
to a strong solution of starch will convert a certain amount of 
it into maltose, but the process will cease before the whole of 
the starch is so converted. If now the solution be diluted, or 
the maltose removed by dialysis, the action will recommence. 
In this respect the reaction exactly resembles those known in 
chemistry as reversible reactions. 

The question arises whether a ferment action can also be 
reversible. An answer to this question has been supplied by 
Cioft Hill m the afBirmative. The mverting ferment, maltase, 
contained m yeast and m the succus entericus, converts 
maltose into dextrose If however the ferment be allowed to 
act on strong solutions of dextrose, it converts a small pro¬ 
portion of this back into maltose. The changes in the two 
cases are as follows : 


Gi2H,20|i + HgO — 2CgH,20f5 
SCgHiyOg = G12H22O11 + HgO 


oiiiqp.QA*tanqe as showing that Hynthetic 
congesapart from any activity of 
cells, provided only that the right conditions are present. 
It IS evident that, if the sugar were contamed m a vessel 
whose walls were permeable to or had a distinct affinity for 
maltose, so that this was removed as fast as it was formed, 
the ferment that normally converts maltose mto dextrose 
(a downward change) might convert the whole of the dextrose 
into maltose. 

The changes brought about by ferments can in most 
cases be also effected by very simple means, such as heating 
with water under pressure or warming with dilute acids. 
The changes are in nearly all cases hydrolyHc, the original 
substance takmg up water, and sphttmg into simple sub¬ 
stances. In this process the ferment adds neither to the 
products of the reaction nor to the energy evolved m the 
reaction. The only factor altered by the ferment is the 
velocity of the reaction. Gane-sugar in the presence of water 
is slowly mverted into laevulose and dextrose If a little 
mmeral acid be present, or some inverhn be added, the 
reaction takes place within a few minutes. 

The natime of ferment action may be better conceived 
if we compare it with certain changes that have long been 
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known in inorganic chemistry, and are spoken of as katalytic 
changes. Thus nitrogen trichloride may be made to explode 
by contact with various substances, such as phosphorus or 
oil. In its explosion it splits up into free nitrogen and 
chlorine —molecules which are more stable, and have there¬ 
fore less potential energy, than those of the original nitrogen 
trichloride. In the manufacture of sulphuric acid, nitric 
oxide IS used as a carrier of oxygen from the atmosphere to 
the sulphur dioxide produced by the burning of sulphur. 
Thus; 

NO + 0 = NO^. 

Nitric oxide Nitiogen teti oxide 

so, + NO, + H,0 = HjSO, + NO. 

Snlphui dioxide SuJphuiio acid Nitno oxide 

In this case we have at the end of the reaction the same 
amount of nitric oxide that we started with, and it would 
be theoretically possible, by using a small quantity of nitric 
oxide as oxygen-carrier, to convert an mdefinite amount of 
sulphur dioxide into sulphuric acid. Smce in this reaction 
we know the exact chemical processes that go on^ the word 
‘ katalysis ’ is not used. On the other hand, we employ this 
word in speaking of the splittmg up of hydiogen peroxide by 
means of spongy platinum into water and oxygen : 

2II2O2 = 2H2O + O2. 

Hydrogen peroxide 


But the difference is probably merely one of degree. The 
substance which acts katalytically exercises an attraction on 
one of the atoms in the unstable molecule, which is sufficient 
to give the impetus to its decomposition, although not leading 
to an actual combination of the two, as in the case of the 
nitric oxide quoted above. So we may suppose that the 
inveit ferment, for instance, combines with a molecule of 
water, and passes it on to the cane-sugar , or it may be that 
it merely exercises an attraction on some of the constituents 
of the cane-sugar molecule, so increasing its tendency to 
break up and unite with the surrounding molecules of water, 
with the evolution of heat and the production of the more 
stable bodies, Isevulose and dextrose. 
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The iermenta which play so important a part in the 
digestive functions belong to the class of uiiorgamsed fer¬ 
ments. The term ferment* has been applied to another class 
of bodies, which are distinguished as the orgamsed ferments. 
These are living organisms which have the power of inducing 
definite changes in the media m which they live. This 
faculty is intimately bound up with the life of these organisms. 
Destruction of this by the action of small amounts of 
chloroform, or by subjecting them for some time to the action 
of absolute alcohol, irrevocably destroys their fermentative 
properties. With the organised as with the unorganised 
ferments there is a change of the affected substance from 
a condition of high to one of lower potential energy. The 
changes induced however are often much more than a meie 
hydrolysis. The yeast fungus, for instance, converts sugar 
into alcohol. In this process it has been thought that the 
change represents the metabolism of the organism itself. 
But it is becoming more and more diflicult to draw a 
hard and fast Ime between the two kinds of action. The 
ammoniacal fermentation of mine depends on the presence 
of a micro-orgamsm, the Mioococgus urecG^ which converts 
urea into ammonium carbonate. 


CO- 


/NH, 


Uioa 


+ 2H,0 = 00 


/ONH, 


Anmionium oarbonato 


This action is stopped by antiseptics. It is possible how¬ 
ever to kill the micro-organisms and extract from the dead 
cells an unorganised ferment which has exactly the same 
effect. In the same way it has been shown that, if yeast 
cells be thoroughly broken up and pressed, an unorganised 
juice is obtained which converts dextrose into alcohol. In 
fact the organised ferments seem to act by ferments enclosed 
within their constituent cells, whereas the unorganised fer¬ 
ments are formed by living cells and excreted so as to act 
outside the celL 

Recent research tends more and more to enhance the 
significance of these ferment-like bodies, which acting m 
infinitesimal quantities are able to exert so important an 
influence on the direction and velocity of chemical reactions. 
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In the alimentary canal the following feiments are 
found:— 

Ptyalm (saliva) ; amylopsin (pancreatic juice). Starch to 
maltose. 

Invertin, Cane-sugar to invert sugar (dextrose and 
IsBvulose). 

Lactase. Lactose to dextrose and galactose. 

Maltase. Maltose to dextrose. 

Pepsin, Proteins to albumoses and peptones. 

Trypsin. Proteins to peptones, amino-acids, etc. 

Breps%n. Albumoses and peptones to ammo-acids and 
hexone bases. 

Steapsin. Neutral fats to fatty acids and glycerin. 

Benmn. Casemogen to casein. 

A whole array of bodies of this class are moreover found 
in the cells and body-fluids under normal and pathological 
conditions, e.g. toxins and antitoxins, coagulins and hasmo- 
lysins with their ‘ anti ’ bodies, oxydases, etc.; and it seems 
not improbable that all chemical processes of cells may in 
time be reduced to ferment actions, the functions of the living 
protoplasm bemg confined to the determination of the direc¬ 
tion of the process at any moment. 



THE MECHAJSHSMS OF DIGESTION 


805 


Section 2 

SALIVAEY DIGESTION 

The saliva is a mixture of the secretionB of the sub¬ 
maxillary, sublingual, parotid, and small mucous and serous 
glands of the buccal cavity (Fig. 160). It has a low specihc 
gravity, 1002 to 1009; it is slightly alkaline, and slimy from 
the presence of mucin. On microscopic examination it is seen 
to contain epithelial scales and ‘ salivary corpuscles ’—small 


Fid. 160 



Dissection to display the sahvary glands sublingual gland; 
b, submaxillary gland; c, parotid gland; common openmg 
of ducts of submazillaiy and sublmgual glands, % openmg of 
duct of parotid gland 

round cells with granular contents, which are i)robably 
leucocytes escaped from the tonsils. It consists of— 

Water. 

Salts, especially potassium and sodium chlorides. 

Traces of albumen. 

Muoin. 

A diastatic ferment (ptyalin). 

Occasional traces of potassium sulphocyanide. 

Gases, especially carbon dioxide, with traces of oxygen and 
nitrogen. 

The amount of saliva secreted in twenty-four hours varies 
from one-half to two litres. The greater part is re-absorbed 
in the alimentary canal. 


20 
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Action or the Saliva on the Food 

Saliva chiefly serves to moisten foodstuffs, and so aid m 
mastication and deglutition. This is indeed in carnivora its 
sole function. In herbivora and man it exercises a digestive 
action on starch by virtue of the ptyalin it contains. If some 
saliva be added to some boiled starch in a test-tube, and 
the mixture be kept at 86*^ 0. for some time, the starch is 
gradually converted into a mixture of maltose and dextrin. 
The first stages of this conversion are extremely rapid, as is 
shown by the fact that if a warm decoction of starch be taken 
into the mouth, kept there for 16 to 30 seconds, and then 
ejected, the coloration with iodine has entirely disappeared, 
all the starch having in this short time been converted 
mto dextrin and maltose. The stages of the process are as 
follows: 

1. Starch, opalescent solution, blue with iodine. 

2. Soluble starch, clear solution, blue with iodine. 

8. A mixture of dextrins, erythro- and achroodextrin. 
The former with iodine gives a mahogany-red colour. 

4. Maltose and achroodextrin, the erythrodextrin being 
converted into maltose, while some of the achroodextrin re- 
mams unaffected. The liquid now reduces Fehlmg’s solution 
by means of the maltose it contains, and gives no coloration 
with iodine. Addition of large excess of absolute alcohol 
gives a white precipitate of achroodextrin. This ferment 
action is dependent on temperature, is most active at about 
40® 0., and is finally abolished at about 60® C. It can only 
take place m a neutral or slightly alkaline medium, the 
ferment being destroyed in the presence of acid. 

It may seom strange that the hydrolysis of starch witli the foimula OgHioOj 
should result in the formation of dextim with the same fonnula It must be 
remembered howevei that these formul© aie the simplest possible, and that 
the colloidal staich molecule is piobably at least one bundled times as large as 
the molecule represented by OoHioO^ The hydiolyais of the staich takes place 
by stages lesulting in the pioduotion of a nmnbei of dextrine intermediate 
between starch and maltose The formation of maltose begins at the very 
onset of the hydiolysis, so that we may conceive the soluble staich molecule as 
made up of a number of gioups 3(OoH]oOfl) Each of these gioups would take 
up one molecule of watei with the formation of maltose and a dextim 

SIOqHioO^) + H20 = OaH,o 05 + 

Dextrin Mnltoao 
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The dexfmns themselves however are in most oases more complex bodies than 
IS here represented, belonging, like the parent molecule, to the class of bodies 
known as colloids. 


The Mechanism of Salivabt Secretion 

The digestive juices are formed by the agency of glands. 
These are recesses or branching tubules lined with a con¬ 
tinuation of the general alimentary epithelium. This secre¬ 
tory epithelium is separated by a basement membrane from 
the surroundmg connective tissue, in which ramify blood¬ 
vessels, lymphatics, and nerves. The secretory cells are 
bathed by the lymph that exudes from the capillaries; and 
from this lymph they select the substances necessary for 
their nourishment, and form therefrom the special ingredients 

Fio 161. 


A 

A, seious gland, B, puie mucous gland from mouth (Kdllikei ) 
a, ducts, /, fat cells 

of their secretion, which they turn out into the lumen of 
the gland tubule. This process is an act of vital selection 
by the cell, and is not a mere filtration or transudation 
of certam constituents of lymph through the epithelial 
membrane. 

The salivary glands are divided into three classes, the 
mucous glands, the serous glands, and glands which partake 
of the characters of both these groups. Chief among the 
last class are the demilune glands, which are often spoken of 
as mucous. 

Pure mucous glands are found scattered over the tongue 
and mucous membrane of the mouth (Fig. 161, b). They 
have large acini which are lined with large clear cells, dis¬ 
tended with mucin. These acmi open into a short duct Imed 
with striated cubical epithelium. Their secretion is thick 
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and viscid and consists chiefly of a solution of mucin. The 
serous glands occur as small follicles scattered over the 
Iming of the oral cavity. They have small tubular acini 
which are lined with polyhedral granular cells (Pig. 161, a). 
Their secretion is watery and consists chiefly of water, salts, 
and ptyalin with a trace of albumen and globulin. 

Of th n three large salivary glaMs in man, the parotid, 
^ submaxillary, and Imgual, the parotid represe nts a pur. e 
' serou s, gland The other two belong to the class of demilune 
glands: in the submaxillary of man however, lobules of this 
U nature are mixed with pure serous acini. 

The demilune type conforms to the purely mucous gland 
in that its acini are large and are Imed (in hardened speci- 
ruens) by a complete layer of large clear swollen cells, which 
, yield a mucous secretion. Between these cells and the base- 
ment membrane however is another type of cells which stain 
deeply with hfismatoxylin, are granular, and are denoted from 
their shape crescentic or demilune cells. These cells were 
formerly supposed to take the place of the mucous cells 
destroyed in the process of secretion, but they have their own 
system of ducts, and there seems little doubt that they are 
serous cells taking an active part in the secretory process. 

All these glands pour their secretions into the mouth, the 
active secretion being excited by the presence of food in the 
mouth, and by the movements of mastication. 

Changes accoinpany%ng Actwity 

The salivary glands may be made to secrete by adminis¬ 
tration of pilocarpm or by stimulation of their nerves. On 
histological exammation it is found that activity is associated 
f with marked changes m appearance of the cells. If we 
examine a section of a mucous gland that has been in a 
resting condition for some time (‘resting gland’), th e, acin i 
^ are seen to be distended with large cells having clear hyaline 
' I"'* - contents, so close together that no lumen can be seen (Pig, 
162). The nuclei situated ajj the outer border of the cells, 
near the basement membrane, appear shrivelled, with irregu- 
lar margins. 

lu a section made through a discharged gland {^.e. one 
^that has been actively secretmg for some time), the acini and 



THE mechanisms OE DIGESTION 


809 


the cells are smaller, the lumen quite distinct, and the nuclei ^ 
round and swollen (Pig. 163). The whole section appears 
darker from the fact that the cells have taken up the stain- 
mg fluid more readily. The difference between the sections -- 
depends chiefly on the fact that, in the sections of the resting 
gland, the cells are distended with mucin, which does not take •’ 
up the staining agent and gives the cells their clear hyaline 


Fia. 162 



Subraaxillary gland of dog, aftei piolonged lest (Banvier) Z, lumen 
of alveolus, p, mucous cells, c, demilune cells 


Fig IPS 



Same gland aftei piolonged activity. 


appearance. When secretion occurs, the mucin is discharged 
into the lumen, so that the cells shrink and consist more 
largely of protoplasm. 

If, mat ea(LQi exa mining sectious of hardened glands, we 
glands teased in normal sahne fluid, or fixed 
wrt^Qsmic jtcid_xp,pour, the appearance presented is quite 
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different. The eell a^nf the restins; gland are noLe lear and 
hyaline, b ut , are JijU s>t coaxse grqfiules. \ybfln. Rflpvfltinn 
occurs &eae .granules. diBa,ppear. If to. a_ireBh an eeime n of 
resting gland any of the ordinary ha rdening agen ts (such as 
spirit or Muller’s fluid) fee added, the granules,aM aMi^to 
s well up and fuse together to form a hyaline maas -diste nd- 
ing the cell. In fact the ordmary picture of the hardened 
resting gland is reproduced (Fig. 164). 

■We-see.th§n_that^%ie9tiB5;,.^and in a norijja,UlO«diti£>n 
does not contain nmein, but contams a precuraQ ];_of t mifiu— 
imdnm, whi^^appeers m the form of grapviles. As these ar e 
turned put jof thejjfill they undergo some change, perhaps 

Pia 164 



I It 


Mucbna cellfl Irom ft fiesli submaxillary gland of a dog (Langley). 
a. Mucous cell examined fiesh from a lestmg gland a' The 
same cell treated with weak alcohol b and 6'. Oells fiom a 
discharged gland before and aftei tieatment with weak alcohol. 

associated with imbibition of water, and are transformed into 
mucin. 

A similar change occurs in the serou^glands when secre¬ 
tion takes place. The cells of the resting parotid gland, 
examined in normal saline fluid, are swollen and full of fine 
granules. With activity these granules are discharged, and 
the cells shrink and become clearer (Fig. 165). 

In the pancreas of the rabbit, which is very similar in 
structure to a serous salivary gland, the changes coincident 
with secretion can be observed in the livmg animal, smce 
here the gland is spread out between the layers of the mesen¬ 
tery, 80 that individual acmi may be examined under high 
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powers. When the resting gland is observed in tins way, 
each acinus is seen to be composed of two zones, an outer 
clear zone and an inner granular zone. The outhnes of the 
cells cannot be distinguished (Pig. 166). When secretion is 
excited by the injection of pilocarpin or other means, the 


Fio 166. 



Acini of a serous salivary gland A. Besting condition. 
B Discharged condition (Langley) 


inner zone clears up, the granules being discharged into the 
lumen; the homogeneous outer zone becomes wider, while 
the nuclei and borders of the individual cells can be clearly 
made out. 

The amomit of ferment to be extracted from the pancreas 
seems to be directly proportional to the number of granules 


Flo 106. 



A ' B 

A teiininal lobnle of the pancieas of the rabbit A. In resting condition 
B After active secietion (Kuhne and Sheiidan Lea ) 

present m the cells But we have evidence, best marked 
perhaps in the case of the gastric glands, that these granules 
do not themselves lepresent the ferment but are merely 
precursors of the ferment, just as the mucigen granules 
in the submaxillary gland are precursors of mucin. These 
precursors of ferments are spoken of aaj:ymoffenf>. 
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fthangfla occur in the cell when Sft<’'rft tir>n_ta Jfpa ■n1nf»e. 

1. A transformation of zymogm granules into ferment, of 
mncigen into mucin, which substances are then discharged 
from the cell into the lumen of the gland. 

2. A buil ding iq ) or reintegration c^protoplagffi, as evi¬ 
denced-by the growth in extent of the staihable protoplasmic 
parts of the cell. 

During, rest a twofold process is probably going on. 

1. A further building, up (an aboliam ) ot the .pmtonl^sm 

of the cell auJuit tlie constituents of Ivmn h. 

2. A katab^sjp or breaking-down of the cell-protoplasm, 
with ^ formatim mf giyinggen grftunlft Hj -which are stored up 
in the cell till the economy requires that they should be con¬ 
verted into ferment and discharged into the lumen. 

A ctiv e-Bacr etion js associated Jn th e living bndv ^dih— 

!• .foSESMed blood-supply . If secretion be doited in the 
submaxillary gland by stimulation of the chorda tympani 
nerve, a cannula having been previously inserted into the 
distal end of a vein coining from the gland, the amount of 
blood flowing from the veiu is increased eight or ten times. 
Before excitation the blood drops slowly from the cannula; 
during excitation it runs freely, has a bright arterial red 
colomr, and the stream may present pulsations, transmitted 
from the arteries through the capillaries. 

2. Increase d prod uction of ^CO,. The venous blood how¬ 
ever appears bright red, smce this increased production is 
more than compensated by the increased flow of blood through 
the gland. 

8. i^ectrical changes. 

If the outer surface and hilus of the submaxillary gland be led off to a 
galvanometer, it is found that there is a shght resting current passing in the 
dog’s gland horn hilus to outer surface When secretion is excited, this ouiient 
undergoes mochdcation m a positive or negative direction, and it seems that the 
two events of seoietion—cell change and passage of fluid thiough the gland- 
may give rise to opposite results. Thus stimulation of the ohoida tymponi nerve 
gives a positive followed by a negative variation, stimulation of the sympathetic 
gives a pure negative efleot The outgoing ouiient theiefoic seems to be asso¬ 
ciated with the passage of fluid thiough the gland-cells. 

It might be thought that the secretion was a result of the 
larger flow of blood through the gland, and indeed of the 
raised pressure m the capillaries, consequent upon the dila¬ 
tation of the arterioles causmg an mcreased transudation. 
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The following facts however show that secrfitinn is an active 
process of tha enitheliaLijel^, and is not dependent on filtra- 
taon. 

1. If manometers be inserted in the carotid artery and 
in the duct of the submaxillary gland, the pressure of the 
secretion may be double as high as the blood-pressure in the 
carotid, so that fluid is flowing from the blood-vessels at a 
low pressure into the duct at a high pressure—a process not 
explicable by any theory of filtration. 

2. If atropin be administered, stimulation of the chorda 
tympani nerve produces no secretion in the submaxillary 
gland, although dilatation of the blood-vessels takes place as 
usual. 

8. Some secretion may be caused by stimulating the 
chorda tympani nerve in a head recently severed from the 
body. 

4. If the submaxillary gland be enclosed m a plethys- 
mograph, stimulation of the chorda tympani nerve causes 
a shrmkage of the gland, m spite of the concomitant vascular 
dilatation, showmg that the fluid secreted is supplied 
immediately by the cells, and that these only recoup them¬ 
selves later from the lymph and blood. A primary increased 
transudation from the blood-vessels woidd of course be 
accompanied by an increase in volume of the gland. 


Nerve-supjpl/y 

The salivary glands have a doubl e nerve-supply . from_ the 
sympat hetic and f rom lhe cranial nerves. The submaxillnry 
gland r eceives its sympathetic fibre s foQm „branches of the 
cervic al sy mpathetic which ramify on the facial artery, and 
its cranial fibres from the chorda tempaninerve. These fibres 
run for a short time with the lingual nerve, and then leave 
it as a slender nerve which, reaching "Wharton’s duct (duct 
of submaxillary gland), runs along this to the gland. The 
fibres are connected in the hilus of the gland with nerve-cells. 
A small collection of nerve-ceUs—the ‘ submaxillary ’ ganglion 
—is found m the triangle between the chorda tympani nerve, 
lingual nerve, and duct. With the cells of this ganglion are 
connected fibres of the chorda tvm pani gomg to suppl y thp 
subhngual gland (Langley). 
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Different effects are obtained according as the chorda 
tympani or tiie sympatheti c fib res are sti mul ated. Stimula- 
f^tion of the chorda tympani in the dog gives rise to an active 
__ dilatation of the vessels of the gland, and a copious watery 
secretion containing only a small amount of mucm and 
twv «^'***Tjonjied elements. 

,» . ‘ Stimulation of the sympathetic causes constriction of the 

vessels, and a scanty flow of very thick viscid saliva, rich in 

€ 

* ..M 11 A 





Diagram of nerve-supply to submaxillaiy gland 


Sm G Sub- 

1 i' ^ maxillary gland N L Lingual neive Oh T. Choi da tympani 

SmGl. Submaxillaiy ganghon Sm.D Whai*ton’s duct VJ 
Jugular vein OA Carotid ai*tery. G.C S Superioi ceivical 
/a < ganglion N.9 Sympathetic fibres ramifying on facial aiteiy 
2r W" (After Fostei ) 

mucm and formed elements. The changes that occur in the 
much more marked under sympathetic than under 
j,,o^tf^chorda stimulation. In consequence of the differences in 
^ the action of these two sets of nerve-fibres, they have been 
•' supposed to have two distinct functions. The chorda fibres 
lj[>f^are vaso-dilator and secreto-motor of water; the sympathetic 
fibres are vaso-constrictor and secreto-motor of organic 
matter. The latter have been also denoted trophic, because 
of the marked change m the cells that is caused by their 
stimulation. They might well be called the katabohc fibres 
of the gland. 


There is no doubt that the difference in the action of the two sets of nervos 
IS m some degree dependent on the variations m the blood-supply pioduced at 
the some time, and that the chorda saliva is more^wflitfiiy because the Cfland- 
cplla hnivajnomfiuid at their dis nosal . 

Accoidmg to Langley the actions of the gland-fibies of the syiupathetic and 
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chorda tympam nerves are probably identical, the differences in the sahva 
obtained by stimulation of the two sets of nerves being conditioned by the 
oonoonutant vascular changes Agamst thi s viej y may be^ urged the iaot that 
whde, g tropi rLJParalYseB sfiorSif^v fibres of the chorda tvmnani, it has 
praotioally no effect on thnsfl <lArive<l from-fVi A Bymnathfitin. 

The varohd aland h&B also a dnnWo TiArvo-fiimr^y: 
from the cervical sympathetic, and cerebro-spinal fibies run- 
ning in the am’iculo-temporal branch of the fifth nerve, but'”}^^ 
originating probably from the glosso-pharyngeal and runningvA^^^ 
through the tympanic branch of this nerve (nerve of Jacobson), 
Stimulation of the cerebro-spmal fibres produces in the rabbit 
and dog a copious flow of li p a p id saliva of low specific gravity. 
Stimulation of the sympathetic causes in the rabbit a scanty 
flow of sahva free from mucm, but contamiug more, proteins 
and ferment than the cerebro-spinal secretion. In the dog>‘^*^ 
stimulation of the sympathetic causes no secretion, although 
the changes, that we have already described as accompanying 
activity, take place in the cells. 

Beflex secretion.—The secretion of sahva is normally 
brought about reflexly by stimulation of the branches of the 
fifth and glosso-pharyngeal nerves distributed to the mucous u 
membrane of the mouth and tongue, the stimulus being 
tonished by the presence of food in the mouth, by acids, or ^ 
by the masticatory movements. iiS—23 

The centre for the secretion of sahva is located in the 
medulla, smce from this part of the central nervous system . 
arise both the afferent and efferent nerves by which the y, 

secretion is regulated. The neripheral -nfirvo-pfillg, such as 
the collection that goes by the name of the submaxiUarv 
gangU on, cannot act as reflex centres, and probably th eir ho Ia 
fun ctiop is to-preside over the nut rition oOhe nerve-fibrgH 
distributed to the gland s. 

Pa/ralub-c secrehon —H tlie chorda fympn-ni nerve be cut the 

BUbpmxiUajVLfdag^,^utfl lu ^ n ,jiQfidit|Qp of what we xoiffM term J o yerflgy 
aotivitv: * If a cannula b ejolooe^m W haaiion^^ . duot. t], cnngtaTit _ p]ight -<^^hT->hTig (< 
o^^hva occurs (about 1 drop m 20 minutes). m 

s ecretion .^ Bections ojjthe gland nregeiit the typical appeaiia^e o^ rggiing 
gland Thi? condition is attended by a gi’adual atrophy of the gland, which ‘ 

may lose half its weight in a few weeks Section of the sympathetic does not Jvo'fj 
give rise to any analogous phenomenon, noi does it stop the paralytic secietion f,, ■■ 
caused by section of the chorda / *>, 'ts, ( 

.. M.ll j.!Vwl'^ 

i ^ .1 .f .r ^ Iv <"^* *^ *, 




r7 ji I. X ft, 
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DIGESTION IN THE STOMACH 

The food after thorough mastication and admiztmre with 
the sahva passes down the oesophagus into the stomach. 
Here ^livary diees^ n contm u es until t he-reactinn 
food IB rendered ^HciiJLy..tha.aacirfikiiL,Qf_fi»flti;h^ a 
change which does not occur for twenty to thirty minutes or 
even longer. Thus the greater part of salivary digestion 
takes place in the stomach. 

The stomach is' a saccular dilatation of the alimentary 
canal, lying obliquely in the abdomen, with the oesophagus 
opening into its larger cardia c end or fu ndus , while its oppo¬ 
site right extremity gradually narrows to the pyloric orifice 
which opens into the duodenum. The wall is composed of 
four coats, the serous, muscular, submucous, and mucous 
- )U niucous membrane in the contracted condition is 

Aim A). folds, the submucous coat, which carries the large 

f>i>t«?‘veBsels and nerves, being very loose in texture. The mucous 
membrane consists of a delicate connective tissue rich in 
'^ymphoid elements, covered by a continuous layer of hyalme 
ui.t' columnar cells, and presentmg a number of minute pits which 

I 








are the orifices of tubular glands set closely together so as to 
make up the greater mass of the mucous membrane. The 
ij.'i' gastric juice is formed by the activity of these glands. 

Two varieties of glands may be distmgmshed. At the 
cardiac end of the stomach the glands are simple tubules, 
with short necks or ducts. The secreting part of the tubule 
is Lined with a single layer of small granular cubical cells 
(chief cells); between these and the basement membrane are 
a number of larger oval cells—parietal or oxyntic cells—which 
stain differently from the central cells. 

In the pyloric region the glands consist of tubules which 
are branched at the end, and have a comparatively long neck 
or duct. In this region we find only chief cells, no oxyntic 
cells being present. The necks of all the glands are lined 
with columnar epithelium, similar to that covering the free 
surface of the mucous membrane. 
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The best method of obtaining pure gastric juice is that 
devised by Pawlow, in which the secretion is evoked by lettmg 
a dog eat meat after making openings in the oesophagus and 
stomach, so that the food eaten cannot enter the stomach. 
Or a diverticulum of the stomach may be established by 


Pia. 169. 



Fia. 168.—gland from the caidiao end of the stomach (after 
Elem) d, duct of the gland, &, base of one of its tubules, 
c, central cell, jp, parietal or ozyntio cell. 

Fig 169— A. pyloric gland (Ebstein), w, mouth, neck, 
ir, deep portion of one of the tubules cut transversely 

makmg an incision as shown in Fig. 170, a, and then reflect¬ 
ing and Buturmg the mucous membrane, so that a little sac 
of the cardiac end is produced in nervous, vascular, and mus¬ 
cular continuity with the rest of the stomach, and separated 
from the latter only by a diaphragm consisting of a double 
layer of mucous membrane (Fig. I 70 , b). A secretion of 
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gastric iuice may then be evoked at any time by allowing the 
, /'animal to eat m the ordmary way. Thu^obtained it is a 
coloorlesa . acid hqnid , with ^a speci fic^ ’ayjty var^g 
fi’o™ 1001 to 101 0. Its Qhief constituents are two ferments, 
pepsin an d lennet fe rmflot; and free hydroehlor ieW d. The 
>/"/•/* amount of Jree HCl in the gastric juice varies from 0’2-0!3 
, POT Mnt. in man to 0*6 per cent, in the dog and”cai It^o 
contams saUs, and a large amount of wate r which conatii^H 
Siout 9B. pPE- Uent. of its bnlk. 

j The hydrochloric acid is shown to exist m a free condition 


Fw 170. 



Diagiam to show Pawlow’s method ot making n cul-do-sac of the 
oordiao end of the stomach, with vasoulai and neivo Hnpply mtaot. 
m A the hne of the moision into the stomach wall is shown 
B lepresents the opeiution as completed In A O, (esophagus 
B«., Zv, right and left vagus nerves, P, pylorus, O, oaidiad 
portion of stomach, A, B, hne of moision In B V, mam portion 
of stomach, 8, cardiac cul-de-sac. A, abdominal wall, c,c, mucous 
membrane reflected to form diaphi-agm between the two cavities 

from the fact that on elementary analysis the amount of 
ehlorme present is moie than sufiScient to saturate the 
bases. 

It IB often of miportonoe to be able to determine the piesence of free mineial 
acid (HCl) m the gastric contents Mere acidity to litmus may be due to lactic 
or fatty acids produced by fermentation of the contents The following leactions 
may be used to test this point 

a Paper stamed with congo-red turns blue m the piesence of fiee inorganic 
or orgamo acids, but is not altered by acid salts 

h. To_some of the stgmach-oontante an eijual quantity of Gnngbergls 
reagent (a solution of phlOTogluoin and vanillm in alcoh oll is addeJWl tVip 
miijure^pp^tfid on a water-bath. A MlCftte lose tin t shows the presence of 
hydr ocEIor io aqid --—— 
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c A drop of saturated aolufcion nf tmnnflolm 00 is allowed to evapor ate on 
a poioelB .m.filab nJL4D° 0 , and wlule at tins teroperature a , din tt qJ-J-Iia Immd 
tfttttflfl Iff p,dd»<^ On evapfii’ation a viole t stain is left if free HOI be 
piesent. 

An artificial gastric juice may be prepared by digesting 
the fresh mucous membrane of the stomach with 0*2 per cent. 
HOI at 40° 0. for some hours and then filtering from the 
undissolved nucleins of the cells. The fluid thus obtained 
contains a large proportion of albumoses mixed with the pep¬ 
sin. In order to get this latter approximately pure, the diges¬ 
tion is continued for three weeks, by which time the greater 
proportion of the proteins are converted into peptones. On 
saturatmg the fluid with ammomum sulphate, the whole of 
the pepsin is thrown down contaminated only with a slight 
trace of unconverted albumoses. This precipitate mixed with 
0*4 per cent. HCl gives a powerful artificial gastric juice. 
The simplest method is however to extract the fresh mucous 
membrane with glycenn. A few drops of the glycerin extract 
added to dilute HCl makes an effective digestive mixtme. 


Action of Gastrio Juioh on the Food 

^e chief action of gastiic jmce is on proteins, which it 
converl B_into aTlMmpses andjD^tones. This action is easily 
studied if we take some wasfied fibrm and put it in 0 2 per cent. 
hydrochloric acid. In this acid the fibrm swells up and 
becomes transparent, but does not dissolve, even though kept 
at 40° G. for some time. If now to the swollen-up mass we 
add some gastric jmce, or a few drops of glycerm-extract of 
gastric mucous membrane, the fibrin is speedily dissolved 
and a clear solution results. Neutralisation of the fluid with 
alkali throws down nearly the whole of the protein present as 
acid albumen. If however the action be long continued, the 
neutralisation precipitate becomes less and less, and the fluid 
contams chiefly albumoses with a little peptone. These may 
be shown to be present by the following tests. 

Nitric acid gives a precipitate which dissolves on heating 
and reappears on coolmg. 

Caustic potash and a trace of copper sulphate give a pink 
colour, which turns to violet on the addition of moie copper 
sulphate—biuret reaction. 
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Saturation with ammonium sulphate gives a copious 
precipitate of albumoses. If this be filtered of, the filtrate 
eontams a small amount of peptone. To produce any large 
quantity of peptone the gastric juice must act for a consider¬ 
able length of time. 

The stages in the action of gastric juice on proteins are 
therefore— 

Coagulable protein. 

Syntonin or acid albumen. 

Albumoses. 

Peptones. 

The action of gastric juice on proteins resembles that 
of ptyahn on starch in that it consists of a series of hydro¬ 
lytic changes, converting the large indiffusible coagulable or 
coagulated molecule into a number of smaller non-coagulable 
more soluble and more diffusible molecules. The study of 
the disintegration products of proteins (p. 33) has shown 
however that they are much more complex in constitution 
than the starches, and hence we find a greater variety among 
the first products of their hydrolysis. The number of 
albumoses and peptones is probably large, but we are able to 
group them into fairly definite classes according to the stage 
in digestion at which they are produced. In the process of 
digestion the proteins undergo progressive disintegration, so 
that the first products, the primary albumoses, are large 
molecules reacting to saline precipitants like globulins, while 
the latest stages, the peptones, are small molecules, not 
precipitated by neutral salts, and, relatively to proteins, 
diffusible. The stages in the peptic digestion of fibrin are 
shown in the following table: 

Pibrm. 

I 

Soluble globulin, coagulating at 56° C. 

Acid albumen. 

Primary albumoses (proto- and hetero-albumose). 

Secondary albumoses (deutero-albumoses). 

Peptones, 
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Eiihne’a method for the separation ol these bodies from a gastric digest of 
fibrm can be carried out in the foUowmg way. 

Neutrahse—^Aoid albumen precipitated. 

Boil m slightly aoid reaction—Ooagulable proteins precipitated 

The filtrate contains only albumoses and peptones. 

Saturate filtrate with solid NaOl, all the hetero-albumose and the greater 
part of the proto albumose are precipitated This precipitate is collected, 
dissolved m water, and dialysed. As the salt passes out the hetero-albumose 
IS precipitated, being insoluble m pure water, while the proto-albumose remains 
m solution and can be precipitated by concentration and addition of absolute 
alcohol 

The filtrate from the primary albumoses is treated with a little glacial 
acetic acid previously saturated with NaOl. This throws down the last traces 
of proto-albumose and a httle deutero-albumose The piecipitate is filtered 
ofi, and the filtrate saturated at boilmg temperature with ammonium sulphate, 
which precipitates all the deutero-albumoses This precipitate is filtered off 
and concentrated to separate off the greater portion of the AmaS 04 . The 
last traces of AniaSO^ are got nd of by the addition of baryta, and aftei filtering 
off the BaSO^ precipitate, and boiling off the ammonia, the peptones are 
precipitated by adding a large excess of absolute alcohol, or by means of 
phosphomolybdic acid 

By means of fractional precipitation with ammonium sulphate, Pick has 
separated three deutero-albumoses, which are designated as A, B, and 0 
deutero-albumose These can be further subdivided by treatment with alcohol, 
which dissolves certain of the albumoses and leaves others Among the pro¬ 
ducts so separated may be mentioned a thio-albnmose, rich in sulphur, and 
a g]yoo-albumose, contatmng the greater part of the carbohydrate moiety of the 
origmal protem These various bodies also differ acoordmg to the nature of 
the monammo-acids and the amount of basic nitrogen they yield on hydro¬ 
lysis The peptone obtamed by Kfihne’s method may also be divided into 
a peptone msoluble m alcohol which oontams carbohydrate, and a peptone 
soluble m alcohol which yields no carbohydrate radicle on hydrolysis, and 
therefore does not give the Molisch reaction. 

The later stages of gastric digestion are by no means 
rapid, so that even after twenty-four hours’ digestion the 
greater portion of the proteins are found in the form of 
albumoses. 

Gastric juice acts in the same way on insoluble coagu¬ 
lated protems, dissolvmg these and converting them into acid 
albumen, albumoses, and peptone. 

Gelatin is converted by gastric juice into bodies known as 
gelatin peptones, and in this conversion loses the power of 
forming a jelly when cold. 

Collagen, the constituent of the connective tissues from 
which gelatin is obtained on prolonged boiling, is also digested 
by gastric juice, givmg rise to the same end-products as 
gelatm. 


21 
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In this way the connective tissue binding together the fat- 
cells of adipose tissue is broken up and dissolved, and the 
fat is set free in a liquid form, ready to be acted on by the 
pancreatic juice. 

Another important function of the gastric juice depends 
on the fact that dilute hydrochloric acid acts as an anti¬ 
septic. Meat and fibrin may be kept for several days m 
gastric j‘uice without undergoing decomposition. If however 
the acid be neutralised, decomposition sets in rapidly on 
exposure to air, and at the end of twenty-four hours the 
mixture has a fmtid odour, and is found to be swarming with 
bacteria. This action is of great importance in the normal 
life of the mdividual. The microbes which have been shown 
to be the causes of typhoid and cholera are destroyed by 
gastric j’mce. Hence there is httle likelihood of contracting 
these diseases unless the secretion of gastric jmce be insuf¬ 
ficient, or the acid neutralised by the presence of alkalies or 
rendered inert by too much dilution. 

On starches and fats gastric juice has no action Inges¬ 
tion of large amounts of cane-sugar gives rise to a free 
secietion of mucus on the surface of the gastric mucous 
membrane, and this mucus is said to contain an mvert fer¬ 
ment which has the power of convertmg cane-sugar into 
dextrose and leevulose. A certain amount of inversion 
must also be caused by the action of the dilute HCl at 
the body temperature. The same factor would convert 
some of the maltose formed by the salivary digestion mto 
dextrose. 

Gircmnstances affecting activity of gastric y-zucc.—Gas- 
- / ^ trie juice is most active at about 40° 0. At 0° its action is 
^ ’ mdefinitely suspended. If boiled the ferment is destroyed. 

^ The action goes on most rapidly when the proportion of HCl 
present is 0-4 per cent,; la^r_ hinder its 

^I ^action. j ^utr aJisation stops the action altogether, and if 
' the juLce^ be re ndered slightly . alkalin e and be kept at the 
temperature of the body for a short time, its activity is per- 
^^ manently destroyed. Its action is also hindered if jthe^pro- 
' ductsnf ita^actndj^ allowed to accumulatfljio -oJarge^extent. 

^In the stomach this is guarded against by the continual 
absorption through the gastric mucous membrane of the 
albumoses and peptones as they are formed. 
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Achon of Gastric Juice on Milk 

Milk, jwhiclL is the sole infantj is ia it se ll a 

whole food, and contains representativea pf *<11 five claaaes 
of foodstuffs— protein s, fats, carbohydrates, sjita^^nd yater , 
Ihe c hief protein of milk—caseiooffen—is a body allied to 
the nucleo-albumens. From the sastric mucous membrane, 
especially m young aniiuals, a fe rment mw^ be .extre^cted 
known as rennet ferinent ov rennw ,. On adding a few drops 
of rennet solution to milk, and warming the mixture to about 
40° G., it sets into a sohd mass, so that the vessel may be 
mverted without spilling the contents. On allowing the clot 
or curd to stand it shrinks, enclosing in its meshes the 
greater part of the fat-globules of milk, so that the clot ffoats 
m an almost transparent fluid (whey). This clotting depends 
on a change induced m the casemogen of the uulk under the 
action of the ferment. 

Pure casemogen may be prepared in the followmg way. 
A litre of ‘ separated ’ milk (i.e. milk that has been freed from 
cream by the use of a centrifuge) is diluted with 9 litres of 
distilled water in a tall glass vessel and 10 c.c. of glacial acetic 
acid added and the mixture stirred. A flocculent precipitate 
of caseinogen is produced, and rapidly sinks to the bottom of 
the vessel. The precipitate is collected, pressed between 
linen, and rubbed up in a mortar with 20 c.c. of ammonia, and 
water added to 5 litres. The solution is allowed to stand for 
some hours, any fat which may rise to the top being skimmed 
off. Acetic acid is added as before, and the resultant pre¬ 
cipitate is washed several times by decantation with distilled 
water, and finally collected on a filter and pressed free of 
fluid. This precipitate may be dissolved in weak soda or 
potash, forming a clear solution. If it be dissolved in lime-water 
an opalescent solution is formed. If rennet be added and the 
mixture allowed to stand at 40° 0., a clear colourless clot of 
casein is produced. This act of clotting, just as the clotting of 
blood, is intimately dependent on the presence of a neutral salt 
of lime. If the precipitate of casemogen be washed till all lima 
salts are removed, addition of rennet causes no clotting; but 
the mixture of caseinogen and rennet clots at once on addition 
of calcium phosphate or chloride. 
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Thus in clotting of milk two processes are concerned: 

1. A conversion of caseinogen into some other body which 
may be called soluble casein. 

2. A combination of this soluble casern with a lime salt 
to form insoluble casern, which is precipitated in a gela¬ 
tinous form. 

These facts are well shown by the following experiment 
of Einger. Two test-tubes are taken, a and 6, containing 
a solution of pure caseinogen free from lime. To a rennet 
ferment is added, and to 5 a solution of calcium chloride; 
and the two tubes are kept at 40° C. for some time. No 
visible reaction takes place. If a be now boiled, so as to 
destroy the rennet ferment present, and on cooling a few 
drops of calcium chloride be added, clotting occurs. In 
this experiment the rennet ferment has evidently produced 
some change in the caseinogen although no clotting took 
place, since the boiled fluid needs only the addition of lime 
salt to make it clot.. The fact that b did not clot shows 
that lime salts are without effect on a solution of caseinogen 
which has not been previously exposed to the action of rennet 
ferment.' 


The Sbobbtion op Gastbio Jdiob 

The functions of the two different kinds of gastric glands 
have been determined by cutting out a portion of the cardiac 
or pyloric parts of the stomach, and sewuig its edges to the 
margins of the abdominal wound. The gap in the gastric 
wall thus produced is closed by suturing the edges togethei, 
so that the final result of the operation is that the stomach is 
rather smaller, and there is a little cul-de-sac consisting of 
either cardiac or pyloric mucous membrane communicating 
with the exterior. Secretion may be excited by mechanical 

* The stucTent must be careful to distinguish between the cuidling of milk 
by rennet and its curdling by addition of acid, or when it becomes sour in con¬ 
sequence of the development in it of lactic acid In the formei case tlie 
ouidling IB a true clotting, and is due to the conveision of the soluble 
oasemogen into the insoluble casein, in the same way as when hbiinogon is 
oonverted into fibrin When acid is added to milk the caseinogen is merely 
precipitated, just as uiio acid is precipitated by addition of HOI to a 
solution of a mate And this precipitate can be dissolved up again as caseinogen 
and made to clot, % e, can be oonYOTted into casein by the agency of rennet 
ferment. 
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irritation of this mucous membrane by the introduction of a 
sponge or some food, and the juice may be collected.. It is 
better however to make the cul-de--Bae as described on p. 817, 
leaving the nervous connections of the mucous membrane 
intact. Under these conditions the isolated portion of the 
stomach secretes whenever food is taken by the mouth into 
the main stomach, and the secretion may be regarded as 
practically normal in all respects. It is then found that a 
cardiac cul-de- sac,contain s freejgo i a^d pepsin , and s o hap 
the power of diges ting p ro^eijiB . A pyloric cul^e^saj?, on the 
otEer hand, y ields a secretion which is neutral i3r shghtly 
alkahn e, but w hich is shown to contai n p e p sin from the fact 
t hat, on adding 0-2 ner^ce nt. of hydrochloric acid , t!^ jmce 
is able to digest proteins ./ This abnws t^at hotK <»ar.difl(» and 
pyloric glan ds Tield nensin . but only the cardia c glan ds 
yi eld free..h ydrpohloric acid. Smce m both sets of glands 
the central cells are the same, it w co nclud ed that these cells 
give r ise to the pepsin , while the l arge oy al nari|etal cells in 
the ca rcSai£iSd fo rm the frep LYdrochlorie aoid.*^'"''''' ^' 
Comcident with activity, changes take place in the central 
cells analogous to those which we studied in the case of the 
salivary glands. The central cells of the glands from a 
fastmg stomach {i,e. of an animal that has not taken food for 
eighteen hours) are swollen and filled with granules. When 
secretion occurs two zones can be distinguished, an outer 
protoplasmic zone, free from granules, and an inner gianular 
zone, which becomes less and less marked as secretion pro¬ 
ceeds. These granules consist of a zymogen, pepsinogen. If 
the fresh mucous membrane be extracted with glycerin, much 
less ferment is obtamed than if the extraction be performed 
after treatment of the mucous membrane with dilute acid. 
The pepsinogen is further distinguished from the pepsin by 
the fact that it is only slowly affected by a solution of sodium 
carbonate, which very rapidly destroys pepsin. Thus if an 
acid extract of the gastric mucous membrane be made alka¬ 
line to the extent of 1 per cent, sodium carbonate, the whole of 
the pepsin is destroyed within thirty seconds. On the other 
hand a neutral watery extract of the membrane may be made 
alkaline for two or three minutes, and on then adding HCl 
to 0‘2 per cent, it is found that the mixture has a strong 
digestive action. The acid extract contains pepsin which is 
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destroyed by the carbonate. The watery extract contains 
chiefly pepsinogen and is therefore only slowly altered by the 
treatment. 

The secretion of gastric juice may be excited by direct 
stimulation of the mucous membrane by the presence of 
food, etc., in the stomach. We have evidence that a copious 
flow of gastric jmce may be excited through nervous channels, 
either reflexly through the mouth or in consequence of events 
occurring in the brain. This reflex secretion is well shown 
in the foUowmg experiment:—The oesophagus of a dog is 
divided in the neck, and the two ends stitched to the wound 
so that they open exteriorly. At the same time a gastric 
fistula is made. The dog is fed and kept in good condition 
by the introduction of milk into the lower end of the oeso¬ 
phagus, or by the direct mtroduction of food into the stomach. 
When the animal has quite recovered, he is starved for nine 
hours and is then allowed to eat meat. The dog eats greedily, 
and, since the food cannot reach the stomach but tumbles 
out by the openmg of the oesophagus in the neck, will go 
on eating for a*very long time. Directly the dog begins 
to eat, a copious secretion of gastric juice is obtained, as 
much as 300 c.c. of pure gastric juice bemg poured out in 
one hour, clear and colourless like water. The same effect 
may be produced by simply showing the dog a piece of 
meat, and it is stated that the flow ceases as soon as the 
dog reahses that he is not mtended to have the meat. 
Pawlow, to whom we owe the above experiment, has shown 
that the efferent nerve in the reflex, that is to say, the 

RftfiTfifnrv -nftrvft f:n f.hfl If proper 

precautions be observed, s1^}piuIg.tiQn of th e vagus 
mvarig j)ly^_ae^^^ _gagtric^ll 3 ice. 

In testing the action of the vagus on the gastric secretion, we have to bear 
m mind that the activity of the gastiio glands is reflexly inhibited by al 
painful stimuli, and is abolished by any stoppage of the blood-flow oi by the 
action of anoBsthetics. The expeiiment is theiefore earned out in the follow¬ 
ing way —On one day the gastiic fistula is established, and one vagus in the 
neck divided and ligatured, the ligature being allowed to hang out of the 
wound Four days latei the animal is placed in an upright position, the 
vagus drawn out of the wound and stimulated with induction-shocks at the 
rate of one or two a second. The animal is not anoesthetised and the experi¬ 
ment IS unattended with pam. The oardio-mhibitoiy flbies aie degenerated in 
consequence of the section, so that the stimulation does not altei the blood- 
pressure m any way After a latent peiiod of foui oi five minutes, gastric 
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3uioe begins to drop from the oannnla in the fistula^ and the secretion 
can be obtamed as often as the nerve is stimulated. SeetiorL nf both vaxri atnus 
t^e reflex secretion nf__ffR9fnft i moe Iinr mn.nv flvnfefld phflTn-^fAflln j p 

described above 

There are however two sets of factors involved in the 
normal secretion of gastric juice. The more important is 
the nervous mechanism described above, set into action from 
the mouth or the cerebral cortex under the influence of appetite, 
and having as its efferent channel the vagus nerve. This 
mechanism is destroyed by section of both vagi. It is then 
observed that introduction of food into the stomach evokes 
a secretion of juice, which comes on one to two hours later, 
and lasts a considerable time. If a diverticulum of the stomach 
has been made, mtreduction of food into the main stomach 
excites m this way secretion in the isolated culnie-sao. 
Edkins has recently shown that the mechamsm of this latter 
secretion is chemical. Under the influence of the food, someji 
substance, a chemical messenger or ‘hormone,’ is produced inP 
the pyloric mucous membrane, is absorbed into the blood, and 
canied to all parts of the mucous membrane, in which it 
acts as a specific excitant of the gastric glands, evoking £u , 
secretion of gastric juice 
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PANOEEATIO JUIOE 

The food, after being acted on by the gastric juice, is 
gradually passed on as the fluid chyme into the duodenum, 
the first part of the small intestine. Here it is subjected to 
the action of three secretions, the pancreatic juice, the bile, 
and the succus eutericus. 

The pancreas lies in the curve formed by the duodenum, 
and pours its secretions into that viscus by a duet which 


Pio. 171 



Heotion of liuiniin panoretis (BObm and v. Davidofl) x 460 oell- 
iiest between acini, 6, connective tissue, c, large duct, d, d, 
aheoli, €t duct passing into alveoli, /, inner granulai' zone of 
acinus 

j'oins the duct from the liver and opens at a point about two 
or three inches below t^pylorus,^ It is a tubulo-racemose 
gland, somewhat similar^Jo^a salivary gland. Its tubules 
however are much longer than those of the parotid. The 
tubules are lined with polyhedral cells, the inner two-thirds of 
which are granular, while the outer third is free from granules 
and stains darkly with hematoxylin. Activity is associated 
with a discharge of these zymogen granules, so that the cells 
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shrink and become clearer. At the same time there is a growth 
in the protoplasm, so that in a discharged gland nearly the 
whole of the cell stains with hsematozylin. 

On examining a stained section of pancreas under the micro seope^ we rarely 
fail to see here and there small oircumsoribed patches of epithehoid cells which 
have very httle affinity for dyestuffs, and therefore appear as lighter areas in 
the section (a, fig 171) The cells are often arranged in short columns or 
clusters, and but little trace of an alveolar structure can be made out These 
structures, which are known as the ‘ islets of Langerhans/ have often been 
regarded as a special tissue planted m the midst of theordmary secreting tissue 
of the pancreas It has been shown by Dale however that the number of 
these islets is markedly mcieased by activity, and that, m a gland which heis 
been thoroughly exhausted, the larger part of the secretmg substance loses its 
staming properties and becomes converted mto islet tissue. One must there¬ 
fore regard these islets as a phase m the life history of the secreting 
cells, and as representmg an extreme stage of exhaustion of these cells. 
Whether they recover their staining properties and resume their secretory 
activity, or whether they are removed altogether to make room for newly 
formed glandular tissue, is not yet thoroughly made out, though the fact that 
at a certain penod of foetal life all the pancreatic cells have the appearance of 
islet ceUs is certamly in favour of the former alternative. 

In order to collect pancreatic juice for examination and to 
investigate the conditions of its formation, it is necessary to 
make a pancreatic fistula. To make a permanent fistula, the 
abdomen (of a dog) is opened m the middle Ime, the first part 
of the duodenum drawn up to the surface, and a lozenge¬ 
shaped piece of the duodenal wall cut out, in such a position 
as to include the orifice of the chief pancreatic duct. The 
margins of the wound m the gut are then stitched together so 
as to restore its continuity, and the little piece of excised 
duodenal wall is stitched into the opening in the abdominal 
wall. When the wound is healed, the nipple-like orifice of 
the duct IS seen on the surface of the abdomen in the 
middle of a small red patch of mucous membrane. To 
make a temporary fistula, it is only necessary to expose 
the duct at its entry into the duodenum and insert mto it a 
small cannula, connected with a rubber tube through which 
the juice is allowed to flow into a suitable vessel. 

In an animal with a permanent fistula no flow of juice 
occurs so long as it is in a fasting condition. At a variable 
penod after a meal has been taken, a flow of juice begins and 
continues for several hours. It can be shown that the flow 
of juice follows immediately the entrance of the acid chyme 
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into the duodeniun, no flow being excited so long as the 
food remains in the stomach. The flow of juice can m 
fact be evoked at any time by the introduction of weak acid 
{e.g. 0*4 per cent. HCl) into the duodenum or the upper part of 
the small intestine. No effect follows the introduction of acid 
into the lower part of the ileum or mto the large intestine, 
'^^^effective stimulus to pancreatic activity is tharefO:’?aJ:he 
presence of acid m the upper part of the small intestine. 

How i g^thigLjtiiaulufl (jQas^Bd-4<>.the^pancreatic cells? 
It was thought by Pawlow and other physiologists that the 
medium of transmission here, as m the case of the salivary 
glands, w^&e_nervous sys^m—either the central nervous 
system by^eans of the ’ or peripheral collections of 
ganghon cells round the abdominal vessels and in the 
pancreas itself through the fine nervous filaments which pass 
between these and the intestinal wall. This idea however 
had to be abandoned when it was found that introduction of 
acid into a loop of small intestine, entirely freed from nervous 
connection with the rest of the body, produced a flow of pan¬ 
creatic juice as profuse as that obtained from a loop of normal 
mtestme. In the former case tho only connection^ of.Jhe 
Jntestine with the pancreas was by means of the blood. 

Yh must therefore conclude that the stimulus is a chemical 
filLOj. produced in the mucous membrane by the action of the 
acid and carried thence to the pancreas in the blood stream. 
If the mucous membrjin^e scraped, and the scraning B 
rubbed up with dilute hydrochlpnc acid, and the mixture be 
" then boiled , n eutralis ed, a nd filtered to separate the proteins, 
a^cjgar co lourl ess J^ltrata^is .obtained, which, orLi niectioj iin 
small quantities u;ito_the blood stream, evokes a copious 
fl ow of pancreatic juice. A watery or normal saline extract of 
mucous membrane has no effect. These facts prove that the 
mucous membrane of the upper part of the small mtestme 
contains a body, which may be called Under the 

mfluence of dilute acids this body is converted into or gives 
off another substance, secreti^^ which is a specific stimulus 
for^^e pancreatic cells. This secretin is_digqhaj;g§d by the 
cells, njt^intoJ he ^integtine, -bloa^ By 

the blood it is carried to all^rts of the body, and on passage 
t hrough the pancreas, excites ^secmtion of pancreatic j'uice. 

S^etm IS apparently a body of relatively simple con- 
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Btitnidon. It soluble in acid, neiitral,_or alkaline solutions, 
or m alfioliol. It is dififoaible, and is not •destroyed bvboilmg. 

It is not a ferment. It has not yet been isolated. 

Ohaeaotbrs and Actions of the Panobbatio Juice. 

The juice obtained from a permanent fistula after a meal, 
or from a temporary fistula as the result of introduction of 
acid into the duodenum or the mjection of a solution of secre¬ 
tin mto the blood stream, is a cle ar pnlonrlfiRa Hqmd, st iongly 
alkali ne from the presence of sodium_ carb(mate. It contains 
from 1*6 t o 816 per cent.Jiatal sokds. of wbiph flbQut_Q *5 to ^*5 
jre^oagulable proteins. ItJ^s a di gesti vea ction on all three . > ^ 
classes of fnndfltuffs. It conyertfl stfiTpbfifl into dextrin and ' ^*'®**^ 
sugar by means of a_fe rme nt, amylopsin ; it hydrolvees fate by 
means of its ferment, steanam ; and after ent ry into th e gT^it it 
conta ms a stroM ^oteolvtio trynair^ If howeyer 

the juice be collected by a cannula in the duct, so as to pre¬ 
vent any contamination by the intestinal mucous membrane, 
it has only slight proteolytic powers, takmg twelve hours to 
dissolve fresh fibrin, and bemg without action on coagulated 
egg albumen or gelatin. The addition of a few drops of 
succuB entericus or a fragment of mtestinal mucous membrane 
mto the fresh juice, rapidly converts it mto one of the most 
powerful proteoljrtic agents with which we are acquainted. 

The proteolytic ferment contamed in the juice under these 
circumstances is known as trypsin. The juice as secreted 
contams a precursor of this ferment, known as trypsinogen, 
which, under the action of a ferment, enterokinase, secreted 
by the intestinal mucous membrane, is converted into 
trypsm. 

Glycerin, extracts nf-a fresl ; ! pancreas have j. marked 
V. • * a mylo ly tic a ction, but have practically ma .proteolytic, action 
unless the extract has been contaminated with intestinal con¬ 
tents containing enterokinase, the smallest trace of which will 
m time convert almost any quantity of trypsmogen mto 
trypsm. The action of jpancr eatic g^tra cts on fats is only 
obser ved m p erfect ly fresh. extofits, tke-^ steap s^ apparently 
u ndergom g xapidjpQfltqLPnQus destruction. 
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Action on Proteins 

ProteiP B are ponvftrifld jb j- tryp sin into -alhiiTvinafla ^nd 
peptones, as .in the case of .the gastrjtLjiiifie. Trypsm hw- 
ever is onlT ac tive in an alk aline or neutral TnfidujTn, and 
is ine rt Ja. Jhe .presence .of .m .acid. If fre sh fi^brm be 
di gested with this .mice, it does not swell up but ia,gsMuaUv 
eroded and djssolved at the edges.y^ Tha first -nrnd nfit of it g 
action is not acid- but^lkali-albumen. Ano ther im portan t 
differ eae.9„Qf this ferm ent fr om pepsin \ie8jft.thfl_fact}hat it 
cgju’ips on the process of decomposition,still f m-tba r, causing 
a profound disintegration of the protein molecule, resemblmg 
that brought about by the action of boiling hydrochloric acid. 
The tma l Tflanlts ^therefore. of^tiyp t ip , digestioi LA re a nnmhflr 
of bodies of comparatiTely small molecular weight, b.filQiigmg to 
the SOT i es of bodies described as Simino-acid s-and hexone bases. 

In .c onse que nce of the. much greater activity of try psin as 
compar ed with pepsin, the first stages of proteolysis are much 
more rapid with the first-named.^ 'At no period of th e proces s 
is it possible, to detect tke presencq_of nrimarv albmnnaea . 
the alkali -albumen being directly converted mto deutero- 
albumoses jind peptones. ~ 

The end-prgduet B.pf jpancreatie. digestion include nearly 
the whole s enes of monammo- and diamiuo-agids which can 
be obtained by the action of acids on proteins. 

These may be enumerated as follows •— 

A. Mono-ammo-aoids. 

I. Monobasic acids of fatty series. 

Glycine (a mino- aceti c aci d). X 
Alanine (am mo-n ronionic^cid). 

Serme or oxyalanine (oxyamino-propionic acid). 
Amino-valerianic acid.v^ 

Leucine (amino-isobutyl-acetic acid) 

Isoleucme (am mo-caproie a cid), v 
n. Dibasic acids. 

Aspartic acid (ammo-succmic acid). 

Glutamic acid. . 

in. Benzene derivatives. 

Phenylalanine. 

V Tyrosine (oxyphenyl-alanine). 
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B. Heterocyclic compounds (i.e. ring compounds ]jkri' 
benzen e, but con taining bntb fi a nd N in the 
closed ring. 

Prolme' (pyrrdidine carboxylic aoidl. 

Oxyprolme (oxypyrrohdme carboxylic acid). 

Tryptophane (indolamino-propionic acid). 

0. Diami no- acids and allied bodies, ^strongly basi c in 
character (t he ^ hexona bases ’). 

Lysiue (diamino-caproic acid). 

Arginine (guanidine ammo-valerianic acid). 

^ Histidine (imidazol amino-propiomc acid). 

Diamino-trioxydodecoic acid (derived from a 12- 
carbon acid). 


D. Sulphur-containing body. 

^ Cysti ne (derived^from amino-thio-laotic acid). 


Not, all of ihese a re to be obtain ^d-^p pi^eyar^'fc.praliftiii. 
All proteins however yield a laige number of different ammo- 
acids. 

Two of these substances, namely, leucine aD_diTrQamfi, have 
long been known, owmg to the ease with which they ma v be 
separated from a pancreatic ^gest. 

I^ucme, belongs to the fattv-smies, bemg amino-isobulyl- 
acetic acid— 


OH,OH, 

V 

<!)H2 

I 

0HNH3 

I 

OOOH. 


p ure it in white trana^arent^TPlateSy but 

in the iinnure state, as it separates out on concentrating 
a pancreatic digest, it forma microscopic globules with radial 
or concentric striation, often s ppken of as * leucine cones * 
(Fig. 172). About 1 0 to 20 per cpn t. of,ieufime may be 
obtaine d fpm mosF prote inB. 


^ Phenylalanine and proline are not found free in a pancreatic digest, being 
combined to form a polypeptide ^ 
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Tyrosine is an ammo-fatty_ad4Jn_jjQmbmat,inTi wift or, 
g,ro iaatio sroffl. Its constitution is shown by its formula, its 


0,H,NH,000H 

A 

Kh,1 

'^H 


fuU name being para-oxyphenyl-a-amino-propionic acid. 

■ - ^ - - — ✓ 

aromatic moiety amino-fatty acid. 

It crystaUise s i^ l ong slender neecjleB aggregated into 

sheaves and rosettes (Fig. 178). It is very snaring ^ H olub lc 

in water and.a’lcobpl) and so is easily separated from pancreatic 



digests, often crystalliemg out spontaneously at the bottom 
of the liquid. It forms only 2-3 per cent, of the original 
protein. 


Aspartic acid (amino-suooinio acid 0,H,(NH,) (COOH),) is also roiinecl m 
small quantity in the panoieatio digestion of piotems. It foims, however, the 
greatai part (86 per cent) of the amino-aoids obtained by digestion of the 
protoiDB of wlioat. 


Antypepone is a name which has been given to the 
precipitate obtained by treating the digest with phospho- 
molybdic acid, after separation of the chief amino-acids. 
Although it gives the biuret test, it does not give any colora¬ 
tion with Millon’s reagent, and is not properly included 
in the class of peptones. It is probably a mixture of bodies, 
including the bases, lysme and argmine, the former being 
diamino-eaproic acid (NHj), COOH, and the latter a 
body analogous to creatine and givmg rise, like creatme, to 
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urea on heating with baryta water. In a ddition, to^ these 
bases a sirtfllL flTn£ILm^: of ftTnTYin-mfl ir BQt (inring^ the 

proteolysis . 

A certain proportion of the nitrogen ib m the form of a polypeptide which 
on farther hydrolysis yields several amino-aoids of the fatty senes as well as 
the greatei part of the phenyl-alanine and proUne contained m the original 
protein 

Another id-.n.Tit.^Tirnduct-n l-the- j^ pieatio.digestion of pioteins is try;gio- 

a body belon^g to the arom atio_ gip iip, and giymj: a ^tvoioal red 
c oloiir mth bromine. To tha^presence of JhlS m proteins the 

reac tion of Adamkiewioz and^dSonkinB, viz a purple colour on treatment with 
st^ng Bulphuno acid and glyoxylio acid, or glacial acetic Eicid contammated with 
the latter substance. 


The changes involved in the pancreatic digestion of prO' 
terns may therefore be represented as follows : 

Fibrm 


Anuno-aoids 
(leucine, tyrosme, etc.) 


Soluble protem (globulins) 
Alkali-albumen 
Deutero-albumoses 
Peptones 


I 


Hexone bases Tryptophane, 
(lysine, arginine, etc.) etc. 

Oystme 


Polypeptide 


In the case there is apparently 

no formation of soluble proteing j the firs t 

product of proteolysis which ^ can be separated being (kutop- - 
albu mose . 

Until recently, it was thought that the small molecules, 
which constitute the end products of pancreatic digestion, 
must be practically yalueless for the purposes of nutrition, 
and that the main use of the energetic action of the trypsin 
was the gain of time in the first stages of proteolysis. It must 
be remembered howeyer that we employ as food numbers of 
different kmds of proteins, whose constitution diverges con¬ 
siderably from that of the proteins building up our tissues. 

A man can make muscle protem out of the most various kinds 
of vegetable protem, whether from peas, beans, or wheat. For 
this conversion to take place the protein molecule must be first 
resolved into its constituent parts, out of which a new and 
different protein can be built up. A thorough dismtegration 
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is therefore a necessary preliminary to the assimilation of 
any foreign form of protein, and it is this thorough dis¬ 
integration that is effected by the pancreatic juice, working 
with the succus entericus. Loewi has succeeded in keeping 
dogs in health, and in a state of nitrogenous equilibrium, for 
some tune on a diet consisting, so far as its nitrogen was 
concerned, entirely of the ultimate products of pancreatic 
digestion. 

Since the hacteria_of . pujy ef j^cjijQ n thrive readily in a 
sligh tly alkaline soluti on of pro teifi ,such as p^mjareiaAiu-iuiee. 
care must be taken m all experiments with this juice to pre¬ 
vent putrefaction. To this end thymo l o r 1 J3er c enfc sfidijltn 
fluor ide may be mixed with the solution. If this precaution 
be omitted, the mixture at the end of twenty-four hours has 
a foul odour, and is found to be swarming with bacteria, under 
the agency of which the proteins are further split up, with 
the formation of many amino-acids, free fatty acids, and 
aromatic bodies such as phenol, mdol, and skatol. To the 
presence of the last two bodies is due the horrible fsecal odour 
of a pancreatic digestion-mixture which has been allowed to 
stand without the addition of an antiseptic. These aromatic 
substances are produced from the tryptophane (indoxyl amino- 
propionic acid), which is one of the primary decomposition 
products of proteins. 

Gelatin l uaffactfid hy. panfseedie. jBi(?a.iS tbe s ame waw as 
by gas tric luie e. b eing convert ed mto..ge]jaijand3flB^^ which 
d o not gelatinise o n cooling. T his juice however is unabl e 
to dissol ve c olla g gi, the chief constituent of the connective 
g u pnflfl . Hence if the stomach of a dog be cut out, and the 
lower end of the oesophagus sewn to the upper end of the 
duodenum, it is found that considerable quantities of fat pass 
undigested through the alimentary canal, smce the connective 
tissue binding fat-cells together can no longer be dissolved by 
a stomachless dog. 

Act%(m orb Garhohydrates 

The ac tion of the paiicreatic juice on starch is sini ilar. t o 
that pf .ptyalip» but is more rapid. It is stUl further n innele- 
r ated by jhe a ddition of small quantities of .bfle. Thfl_Btag fis 
of conversion are the same as^m the^case of ptyalin, t he end - 
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products beings achroodexirm_ftn4.,jiialios6. If the acti on be 
l ong continued, th e proc ess of hydrolysis ipay go on-to the 
forma tion ol dextrose, but the amount of this body formed is 
in ail cases very slight, and is nro ba|ilv du e to the oTflasncfl nf 
traces of the s pecial ferrpenj;, in thejpancreai.'lac juice. 

Action on Fats 

Fresh p anorea tia. -iuiea contains 9 . ferment .which, has a 
hydrol ytic action on neutra l fats, s plittin g them up into 
glycerin and a fre e fattv acid , thus: 

C3H«(0,„H3,0,)3 + 8 H 3 O = 03H3(OH)3 + 8HC,3H3.03. 

Tripolmitin (neutiftl fat) Glycerin Palmitio acid 

This decompositi on--takes place, in the presence of the 
alkalme_Balts of the nancregiti o Mpe ^nd bile. The free 
fatty -acid formed —by. the ferment action combines with 
the a lkali prese nt, displacing the 00^ to form a soap. The 
presence of soap in the solution enables it to hold all the 
rest of the neutral fat in suspension. Thus if a drop of 
rancid oil {i.e. one containing free acid) be allowed to drop on 
to the surface of a 1 per cent, solution of sodium carbonate, 
the acid at the exterior of the drop unites with the alkali to 
form a soap, which is immediately dissolved. The chemical 
change and solution gomg on at the surface of the drop set 
up m the surrounding fluid diffusion-currents which carry off 
little particles of the neutral fat. These immediately become 
coated with a layer of soap which prevents them running 
together again. So we see a white cloud appearing round 
the drop of rancid oil, and under the microscope the cloud 
is observed to consist of innumerable tiny droplets of fat 
suspended in the alkaline liquid. A single shake causes the 
whole drop to break up into these droplets, the milky fluid 
thus formed being spoken of as an ermlswn. Jjn this w-awthe 
pancre atiiL-luice h as the power of em ulsif ying neutral f ats- 

This fat-splitting action ma y go on in a negtral or slightly 
Mid m^jiri, and so is not subject to such restrictions as are 
the proteolytic or amylolytic functions of the pancreatic juice. 

Thisj^uice also contams a, fer ment s imil a r to.r epp et, which 
Ims.^e property.qf_cm-dling_.jailk. It is probably of no 
physi ologic al imj)ortance. 


22 
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Section 6 
THE BILE 


/ 


The bil e iB th e prod uct of j goretion of th e live r. This 
organ differs in structure from all other glands of the body, 
the cells being so numerous and pressed together around 
the capillary meshwork that their primitive arrangement 
as secreting tubules is no longer to be made out in the adult 
liver. 

The liver has a (^(uible -blnnd-anpplv • the portal vein, 
ivhich supplies a rich capillary anastomosis round every liver¬ 
cell, and carries YenouB _blood from the ali menta ry cana l; and 
the i iepatic artery, •which ca_rries oxvgen^t e^^ arter ial blood, 
and supplies chi efly the connective tissue surroundi ng th e 
bjle;(^cts and blood.-.'vsgflels in the divisions between the 
lobules, known as 'Q-liflflon’j capsule. 

The are about 1’5 mm. in diameter and consist 

of th eJiY er-eells . blood-vessels , and bhe-c apillariee. a nd are 
bo imde d by the connective tissue f ormi ng Ghsson’s capsule. 
The bran che s of t he p ortal v ein rip i in this connective tissue 
at the periphery of the lobules, where they are termed mter- 
lobular vems. Prom these veins a rich plexus of capillaries 
runs towards the centre of the lobule, where they join a small 
vessel known as the intralobular vein. T he in tralobular yems 
unite to form tbp pnblnbnlar yoing, -which pour their contents 
.int(i.Jdifi,b,6pati(j, veius. These at the hinder border of the 
liver run into the inferior yena cava, which carries their blood 
into the heart. 

Oorrespondmg with the semi-arterial functions of the 
portal vein, we find the muscular tissue in its walls better 
developed than is the case with most veins. T^j>or.tal_yein 
is also well st^lie.d - with vaB O.- mot orjafirye8. which leave the 
cord by the lower dorsal roots and run in the gre at splanchnic 
nerves. 8ince_t h e. press ure in^fbejp,Qrtal vein is Xqj? (about 
10 mm. Hg), any c onstrictiQn o f , the-portal yem will hslp to 
rai8e__.the arterial blood-pressur^, not so much by mcreasmg 
the peripheral resistance as by lessening the total capacity of 
the vascular system. 



THE MEOHANISMS OF DIGESTION 


389 


The whole oithe space hetweeTi 

Ijv^er-celk, which are polygonal in shape, and about 0*02 mm. 
across. They consist of granular nrotoplaflm with a^ large 



Section of injected liver, showing the division into lobules. The 
interlohuLar blanches of the portal vein (7 P) are connected with 
the intralobular branches of the hepatic vein (H 7) by numerous 
radiating capiUaries Below is a portion of the same, moie highly 
magnified a, hver cell; n, nucleus, 5, blood-oapillaiies, c, bile- 
capifianes 


rounded nuclpuB in the centre and may often cqntg,^ijiyaline 
masses of g lycogen (Fig. 176). The bil e-ducts, which run at 
t he periphej ^[^Lj3.feaUQhii^^ secreted by the 

live^ rnells, ^_meanfl_Qf a number of very fine branching 
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onnak. known as the bile- canillaries. The latter may in 
section be seen to be situated between the adjacent flat sides 
of the liver-cells, as far removed from a blood-capiUary as 
possible, their walls being formed by the liver-oeUs themselves. 
Thfij5il5-duciis.jII^QjQ^ jillfiii aBatio duc t.Yghioh. leaye^^e 
liver a t the transverse fissure an d p ass es to_ thg _ dnoden^im 
g iving Qff-OrLitB,.waY a.diverticSum, t^ gall-blodder . oon- 
nected with the mam duct by a special canal, the jjvstic duct 
This subordination of the glandular to the vascular arrange¬ 
ments of the liver betokens a similar subordmation of the 
secretmg function of the liver. Alt hongh ikcl^LiIa jlh nf im ¬ 
por t an ce both as an excretion and as a digeatuia-Meretien, its 


Pia 176. 



a, liepatic cells contammg glycogen, hepatic oolls fiom which 
the glycogen has been lemoved, c, n. pieparation similaL to &, 
hut fioin a liver containing originally much loss glycogon 
(Heidenliam) 


f^rpaalion represeuts but a small part of the total activities of 
which is the great chemical factory of ,the body, 
modi fying in^the dj.rect mn Q .f assim ^tion and dissimilation 
the v arious products of digestion brought to it by t he po rtal 
blood . An aniimtl may, su r vive.,c omplete, obstruc tion _Qf_ the 
Jjile-ducts^ f or months, whereas abolition of the^ptol 

liv^ functions is followed by death^y^ithm a few hours. 

Tlifi^^ecretion of^ bile isjt coAtmuous. procesfl, but it does 
not flow directly into the intestine, bemg sto red up, duri ng 
fa sting in th e gall-bladder, whgnc^^^iiTlfi-^s^harg^Jiv ,tb e 
con tractio i^ of this viscus when the acid chyme jiasse^the 
orifice of the common bile-duql;. 

The discharge of bile into the intestme is greatest about 
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three to five hours, and again about thirteen hours, after the 
ingestion of food. The se cret ion of bile j s much ji uickened by 
the iniection of _secretin into ^ h P bb^Qd st yeam ^ a fact that 
•will account for the increased secretion observed within the 
first few hours after the taking of food. Sinc js^bil e ie ^Mi 
impo rtant adiuvant to. the p ancreatic juice, it is eyide nifly of 
advantage tha t its secretion s hould be increased by the same 
mechanism that evokes thfl, aeoretiQU of the pancreatic juice. 

Bile as obtained from the gall-bladde r is hrnym or 
greenish in cplour . It is alkdine and slimy j jyom , the pjesenee 
of mucjn. Its specific, ^gravity varies from 1010 to 1040. 
The following table represents the average comnoEution .of 
huinan bile taken from the gall-bladder. 

100 parts contain— 


Water. 

Bile salts. 

Fats, lecithm, and cholesterm. 

Mucus and pigment 

Inorganic salts . . about 


86 parts. 
10 „ 

1 part 
3 parts. 
1 part. 


Besid es these constituents, b ile contains gases , esp ec ially 
carbon dioxide, and traces of soaps . 

If th e bile be collected as it is secr eted bv th e Uver . by 
inser tog a in thfl. hflpatae duct, it^is.jtound to cqntam 

a larger p ercentage of water and Jittle or no mucin. It is 
evident therefore that du rmg it s sta.y m the gall bladder the 
bile l oses its wa ter, and acgunes mucin, which is secreted by 
the mueaus m embrane of the gall-bladder.' 

The b ile salta.a re two in number — gkjc oo hol ate and 
clwlate otsoda . The relative amounfs oTthe two salts vary 
in different animals, the ta uroch olate bpmg as a rule most 
abjind agt in e arniyor a, and t^ glycocholate in herbivora. 
In human bi le, gj^ycocholate forms nearly the "whole of the 
Me salts p resent. 

The bile salts may be extracted in the followmg way:— 
jI Bile IS mixed into a paste with animal charcoal, and the 
mixture dried, pounded up, and extracted with absolute 
' alcohol and filtered. On addmg ether to the alcoholic 

‘ The gieater part of the mucm-like substance ocoumng m ox bile, and pre¬ 
cipitated by acetic acid, is leolly a nuoleo-albumen. Human bde on the other 
hand contains tiue mucin 
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filtrate, and allowing it to stand, a crystalline precipitate is 
produced, consisting of the two bile salts. These have a 
bitter taste, and aie easily soluble in water. Their presence 
in a fluid may be shown by Pettetikofer’s reaction. 

Addition of a drop of cane-sugar solution and excess of concentrated 
sulplmrio acid to a solution of bile salts gives a purple colour, due to the inter¬ 
action Qlfurf\uroli pioduced by the action of the sulphuric acid on the onne-sugai, 
■with cholaho acid, the common constituent of both bile acids. This colour 
may be interfered with by the dark-biown colour produced by the charring of 
the sugar with the sulphuric acid Either of the following ways may be adopted 
to obtain a good purple resiotion 

A The bile and sugar are shaken up m a test-tube until the upper part of the 
tube is filled with frofcV ^ the concentrated sulphuric acid he now poured down 
the Bide of the tube, the froth is stamed a purple coloui wheie it comes m 
contact with the acid 

B A porcelain capsule is iinsed out successively with solutions of bile salts, 
cone sugar, and dilute sulphuric acid {26 per cent) On waiming the capsnle 
gently ovei a fiame, water is diiven off fiom the thin film of dilute acid, and 
the concentrated acid thus pioduced acts on the thm film of sugar and bile 
salts, oausmg a brilliant purple colour of the whole of the inner surface of the 
capsule 


Glycocbolic acid is a conjugated acid, which on hydro¬ 
lysis splits up mto glycine (amido-acetic acid) and cholahc 
acid (O 24 H 4 QO 5 ). 

Taurochohc acid is also a conjugated acid, which can 
be split up into taurine, an amido-acid contammg a large 
proportion of oxidised sulphur (amino-isethiomc acid), and 
cholalio acid. 


The glyoochohc acid can he obtained from the bile of some heibivora in a 
free condition by adding a little hydrochlonc acid and ether and shalang, when 
the acid crystalhses out in fine needle-shaped oiystsls 


fOHOH 


Oholoho acid is a monobasic acid OgoHa, 


[CH^OHjo, and is obtained from 

boon 


either bile acid by prolonged boihng with strong solution of caustic soda 
Under the influence of acids or putrefaction (as m the intestine) it is convei*ted 
into an insoluble anhydride, known as dyalys'in 
OHgNHg 

Qlycine or glyoocoU ^ is also obtamed by the hydiolytic dissociation 


of some proteins and of certain olbummoids euch as gelatin and elastm. It 
occurs in the unne conjugated with benzoic acid as hippuiio acid 

Taumie SO-C is found nowhere else in the body, and is the only 

NOH 

known example of a sulphonio acid which plays any port in the normal functions 
of the body. It can be formed artificially from cystine, a noimal constituent of 
all proteins. 
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The mucin and nucleo-albumen present may be preci¬ 
pitated by acetic acid. The precipitate is soluble in dilute 
alkalies. 

The, b ile-nig men^e are. Mhrubin fegjm) and biMm rdm 
(grem ). and occur in the bile in comtoation with calcium. 
JhP j^oj.oaiPoflhfl-bile .depends'on t^_ relatiTe amounts oi 
these, two pig ments pr esent. BUiY erdin (CjgHigNjOJ may 
be obtained on oxidation-of t ^ ili rubiu (OigHigNjOg). 

T^^QSenc^ of tide-pigments may be prove d by Qmehn's 
l^esi. A jr op of bil e on a white plate is trea ted-mt h a,d?:pp 
nf vaHhw niiTfp.„ap,id - Where the two drops come in contact 
a pla y Qf jsn lfmcB is pr^^ugsA, djie to the formation, of various 
o xidati(;)n-prodnc tB of .bilioibin. These colours occur m the 
following order—brown, green, blue, red, yellow. The, end - 
product of the reaction which gives the yellow colour is Itoo wn 
as ch olet ehn. 

The jjhgleBterm .presMit ^is. probably kept in solution by 
the bi le salts. Unde r abnorm a^l -CQndij j ijQn B. chole.Bterin.,may 
be precipitated and piav form concretions ia-the„jgatll-bladder 
(gall-stonfis). More rarely we meet with gall-stones con- 
sistmg of the bile-pigments m combination with alkaline 
earths. 


Aotioiu of Bile 

Bile con tainH small quantities of an amylol vti.c_ ferment 
wh ich has a feebla. .dig estive action OELatarch. If added to a 
TDiTture of st arch and pancreatic juij.e, it materially hastens ‘ 
the action of_ the, latter. 

"“On^dding bil e to an acid s olution of al bumoses and 
pflptnnflfl. such as the products of gaitrie digestion which come o ^ v « 
through the pylorus mto the first part of the duodenum,__a 
pr ecipitate is produce d, consisting of glycocholic acid, ^ntonm, fd 
an d albu moses. v. 

One functio n.of .ihe bdff.then is to neutralise the gastric 
luicei and p repare t he.wa y for pancreatic secretion. 

The alkalme salts of the bile can combine with the fatty * 
acids set free by the pancreatic juice to form soaps, and so ^ ^ 

aid in the digestion and emulsification of fats. Bile also \ 
assists in the absorption of fats by virtue of the bile salts it > 
contains. Oil will not run throug h a filter_rp.oifite.ne4_^ith *' ^ 
water, but will do so if it be moistened with a solution of bile 
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} Balts. The presence of bile salts lowers the^surface-temsira 
^”*^lbefrv^en the oil.and the wg^r, gp tha t i n the in testine the drop - 
lets Lof fat are able to come in to inti mate contac t -w ith th ejtbsorb- 
ing surface of the epithelium, a nd with ^ digestiv e fluid s. 

J- t/m The mam import ance of the bile however js as ^a^t 
^ Bt^Yent- ^^a slightlv^acid meihmn the bile adds will d is¬ 
solve 4 to 6 per cent, of free fattv acid . Bile haajm^olvent 
f.a.iiitffthtion on n eptral-f ats. but wi ll dissolv e spapp, mfilndmg J^e 
jjj^l insoluble 8oapB_pf the alkaline earths. The imnor tance of 
u, . In 1ft for the fthHorptinn p_f fats is shown bv^ the occurr ence, o f 
large mount .o f. undigested, fat in the iaacfig pn_ehuttin£j)ff 
bil e from thflJntesiiae. The fat-solvent action of the bile 
salts in the bile is much aided by the simultaneous presence 
in this fluid of lecithin and cholesterin in solution. 

T hp presenc e of bile, in the^-inteatine is said tp excite 
ftgntractjpnB of thSJnuBcular walls, and po act as a natural 
pui'gaiiyfi, In the same way the muscular fibres of the 
J^fh,bsorbent villi a];e,itiinulated by the presence jof bile, an,d 
contrac t, forch^the contents of the villus into the subjacent 
lactppl. 

Bile is often spoken of as an antisep tic, but this state- 
rtt''*nient must be qualified. The free bile acids, especially 
tauroeholic aci(^haye a pro nounced anti septic action. The 
action is however lost when the acids are combmed with 
alkalies, as in the bile itself, which decomposes extremely 
readily. 


(lw‘ 


The Origin and Fate of the Biliary Constituents 

The bile is to be regarded partly as a secretion, havmg an 
important function in the digestion of fats, and partly as an 
excretion—a means by which the effete colourmg matter of 
the blood is got rid of. 

The b ile salt s a re f ormed bv ^e livej', as is shpwn.JjyJihe 
facjU ihat , af ter extirpatio^i .nf tha llY® ,1^ frogs or birds, jop 
accumulation of these salts takes place in the body If 
hoover the bile-ducts be ligatured, bile salts are found m 
the blood and in the urine. The glycme and taurme are 
probably derived from protein disintegration, but we know 
nothing concerning the precursors of cholalic acid. ^ the 
intes tine the bile |alts play their part m t^ digesiion Jij 
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fats, and are then for the. most part reabsorbed, passing 
along'I he ^port al vesselB to the liv er, where are again 
secret^ , so thainhey ""'can exert" thei^ &netions_over and 
over agaih^ A^cerliain amount is split up in the intestine 
into the ammo-acidB a nd ch ol aue acid, the lo rmer being 
reabaorFe d. "anJ tKeTatter being excreted mth the fseces. 

^^j^ile-Tiigmente^eJdQjmjdMtwltoategration of tb# 
hffimoglobinjif &e_blQod. They play no farther part in the 
body, and are excreted with the fseoes in a slightly altered 
form. II w as long debated whether they were formed by the 
jiver. or whether some might not be formed m the blood itself 
or m the other tissues from the disintegrated red corpuscles. 
It is f ound tha t, after bloo d, has Jieeo ^extravaeated_mjto the 
tissues, the^hffimqglobin i mder goes certain modifications, qiftd 
is converted into .thaJiad-y named, b ^pia toidm. N^wJbfflma- 
toidin IB ispBieric and probably identical w ith bfiirpbiP - 
this fact was loo ked upon.as fuinishmg strong evidenofi for 
t he h cBmatogenpuB origin of bile-pigments. Experi ment has 
shown howeve r that wh^ blood-cor puscl ea are broken up 
in the circulation (a process which is normally taking place 
on a small scale)^o bfie-pi gpie nt-ia formed except by the 
agency of the live r. A gre at bj:paking-up of blood-corpuscles 
and setting free of haBmpg lob i p may be caused in animals by 
the^mnalation of arseniuretted hydrogen. If the liver be 
present, this disintegration of blood-corpuscles a 

greatly increased formation of bile-pigment, which is elimi¬ 
nated with the bile, or partly reabsorbed by-the_ lymphatics 
frosOBJyliaj’JLP&Bflages, giving..rise.jpj|.aflndige. If in a 
goose the liver be sh ut o ut from the .circulation or^e^thpated, 
a nd arseniuretted hydrogen administered, not a trace of bile- 
pigment is produced. 

ILhe cholesterin of_the .Etip .ig sometimes lo£>ke(ip4>0ll as a 
p roduct of nerve -disxnfagratigp, since this substance is found 
abundantly in the central nervous system; but ^we have no 
eyidence fo r or against this,yiew. 

Bile fa secreted at a very low pressure—15 mna. Hg. ^ 
the press ure in the bi ie-d uctB rises above this point, as may 
easily happen when the flow is obstructed in consequence of 
inflammatory thickening of the mucous membrane, or b y the 
p regerm e.,ul_a g all-s tone, or even by a very viscid bile, ^e bile 
is reabsorbed by the ljmp,hatics and reaches the blood, and 
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n early all the tjesuM of the body are stai ned yellow by the 
pigm ents, giving rise to jaundice. This pressure ho-wever is 
higher than the pressure in the portal vein, -whieh is only 
about 10 mm. Hg; for •we must remember that the blood in 
the portal vein has already passed through a system of capil¬ 
laries, so that its pressure is extremely low. The fact that'' 
the pressure in the bile-ducts may exceed that in the portal 
vein shows that the secretion of the water of the bile is not, 
effected by a mere process of filtration. 
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Section 6 

SUOOUS BNTBEIOUS OE INTBSTINAL JUICE umi)-Q 

The secretion of the tubular glands (Lieberkuhn’s follicles), 
which beset the mucous membrane of the mtestme, may be 
obtained in a pure condition m the following way. An opening 
is made into the abdomen of an animal, and a piece of the 
small intestine, ten or twelve mches long, is separated from 
the rest, its attachment to the mesentery with its blood-vessels 
and nerves being left intact. The two ends of the remaining 
piece of intestme are sutured together, so that the animal is 
left with a continuous but shortened alimentary canal. One 
end of the excised piece is closed by sutures, and the margms 
of the other end sewn to the margius of the abdominal wound. 

An intestinal fistula is thus produced, from which the juice 
may be collected free from contamination by the other diges¬ 
tive juices. Secretion is normally excited by the mechanical 
stimulation of the food as it passes down the intestine, and 
may be evoked m the isolated loop by the introduction of a 
rubber balloon. The presence, of pancreatic juice is said also 
to act as,^. spgiafo^stimifiiuB jor the intestiftg]. .glftnds. The 
amount of succus entencus to be obtamed in either of these 
ways varies very much according to the position m the 
intestine of the isolated loop. Thus a large secretion is 
obtained from an isolated loop of the uppfer pa^of the jn^ 
tine includmg the duodenum , and it is stated that in this 
situation secretion may b e exgi ted by the intravenous injection 
of secretin. If, however, a loop be made from the ^iQssj^r 
e nd of the ile um, it is difficult_ to obtain eyen^ f,QW_djpj)s 
of intestinal .ume, whatever form of stimulation be employed. 

Intestinal m ice is a clea r, lmpid _ fluids with a specific 
gravlty of rdlO, contaimng a^kace of_ protein, and^^altp, 
of which fifltUum carbonate is the most jtbundant. In 
c ^aeauen ee of the presence of this salt it has ^ strong 
alkahne reaction. 

Actions 

On coa gulable'p rotein s, fats, and starch, s^^s entericus 
has no act ioi^ It_Qontaina*Jiowever invert ferments, by the 
agency of which cane-sugar is dextrose and 
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Isevulose, and maltose ip converted into dextrose. Ti aotase . 
1“ which convgrte milk sugar into galactose and dextoose, is 
' V often present , and is always found m. animals on a milk die t, 
^ e important ‘ f ermen t of ferments ’ entero hyna se, which 
a w^iens the prote olytic activ ity, of t he pancreatic luice . has 
. ah'eady been mentioned. The alkalme re a ction of the ajiccua 
is probably im portant in neu tralising the frefl -Af-ide (lactic, 
,, butyric, etc.) p roduced by the action .nf nntrefactive_jnmro- 
.to rganism s on jihe foodst uffs. Al though m testmel-i nica Jias 
n o actim pn^.cLQagpJjaMe-pmteins, i t contaipa^a _ fermen t,, 
which co nverts the albrunoafift-and- nento^ B. produced 
^ ^her up in the gut, into the ammoj^a pids .an d hexone bases 
■ ’ which are the final products of the action of trypsm on 
proteins. 

The following experiment is supposed to show the influence 
of the intestinal nerves on the secretion. The abdomen b eing 
^ opened , the smalHnte atme i s ligatured in four . places , so as 
. to shut off three equal lengths, of bowelall the nerves going 
,ii'« to the middle segment are divided and the a bdo men .closed. 

At the end of two or t hree hours the woun dj s open ed, and it 
t'f- is fomd t hat Jh e mid dle segment is distended with flu id, 
whereas the other two, segments, which have their nerves 
intact, are comparatively_empty. This jgcretio n haa -_been 
regarded as analogous to the paralyt ic seeretioir -Qi aahva, 
which continues for some weeks after jefition of all t he nery^ s 
gomg to the submaxillary gland. We do not know howev-e r 
how f ar this nbenomenon is to be ascribed t o va scidar c hang es 
taking place in the loop of intestine in consequence of the 
section of its nerves. 
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Section 7 

ABSOEPTION OP POODSTUFPS 


; /ll 


U' ? V 


We must now conBider the ways in which the foodstuffs, 
that have been digested and rendered soluble in the ali¬ 
mentary canal, pass into the circulation to be distributed to 
all the cells of the body. There are two m ain _paths of_ 
abBorptionj;^^_Wppd::yj^els.^ The b lood¬ 
vessels form a. denaa^-capillary anastomosis. immediately ^ , 

under the epit ^lial layer jcovermg the inner ^surface of the 
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miip.nnfl mflmhrfl,ne . I n order to increase the abjprbmg-flui'- , 
face, t he mucous m e mbran e ofjih®. s mal l intestine in man .is 
thro wn ^to tranBYerBe JaldS - the valvulm . C0iniventes, which 
are thic]£lj_coyered with fingevrliie elevations or villi. The ' 
body of a villus is made np o f a retieiila r_ti8§n6.-COinpoBgd_flf 
branchmg_cel]^ the nieshes of whiclmiay contain leucocytes 
of various forms. Tn the centre o f_.the—villttB- is a _ wide ^ 

ly mph atic vessel, the_,c_enjii;al, lacteal. The endothelial cells 
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forming the wall of the lacteal are oontinuouB with the 
branched cells of thereticxJar_tiBBue,'‘tut there k no free oom- 
^munieation between the spaces of this tissue and the begin- 
nmg of the lymphatic. Below, the cavity of the lacteal is 
contmued into a plexus of lymphatics lying in the mucous 
membrane, which communicates by vertical branches with 
a large plexus lying in the aubmucosa. The intestinal surface 
of the villus IS covered with a single layer of columnar 
epithelial cells, which have a hyaline border presenting 
delicate vertical striation, apparently due to the presence in 
the border of a number of cilia-like processes The capillary 
network hes outside the lacteal immediately under the 
epithelium. The blood-vessels pour their contents into the 
radicles of the portal vein, which carry them thence to the 
liver. The lymphatics in the submucosa join to form larger 
trunks, which run between the two layers of the mesentery 
to a collection of lymphatic glands at the back of the peri¬ 
toneal cavity. The lymph, after flowing through these 
glands, IS collected into a large vessel—the receptaculum 
chyh, from which it is carried in the thoracic duct to be 
discharged into the blood-stream at the j'unction of the left 
jugular and subclavian veins. 

,r 

Absorption of Fats 

Durmg fasting the lymph contained in these vessels is 
'‘exactly similar to that contained m any other part of the 
body. If a cannula be inserted in the thoracic duct of a 
fasting dog, and the animal be given a meal rich in fat, it is 
found that the amount of lymph flowing from the cannula 
is the same as before, but the lymph has changed its appear¬ 
ance, being now white like milk. On microscopic examina¬ 
tion this milky appe arance is found to be,^ue to the pr esence 
of small fatty globules similar to those in milk, ^n^. of a 
number of very fin e p articl es—much finer than any of the 
globules met with in milk—w hich m av ex hibit Brnwmmi 
movement. These constitute ihe ‘ m olecular basis.’ of the 
chyle. If the abdomen of the animal be opened, the course 
of the lymphatics along the mesentery is evident from the 
milky character of their contents. I t is o n account of tbip 
n^ky appearance duriijg, digestion that the name of l actanl 
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haB_been given t o the lympha^ a gf the aliinentary canal; 
and chyle is aim plv Ivmnh ■vyith fatty globules, and molecular 
l^ais . 

Since the ■whole of the chyle is poured by the thoracic 
^t intojhn blood, t he plaa ma ax iierum of the latter, 
obtained after- a_meal ^coataining fat, is alao found to present 
a mil kY appe aragce. in consequence of the presence of fat 
globules derived from the chyle. If h owe'yer th,e.Jihoraoic 
duct be ligatur ed, a fatty meal la no t follQ-wed by any increase 
in th e amount of fat in the b lood. 

It is apparent then that the greater par t of the fat is 
absor bed by the chyl e, and 60 per cent, of the absorbed fat 
can be_pbtamed from the chyle through a cannula placeiLin 
the Ihoraci c duct. Comparative analyses of portal and 
carotid blood during digestion show that the amounts of fat 
contained in the two ^re the same; h§ifi& it is concluded 
that no fat is absorbed through the intermediation of the 
blood-vessels. It has not yet been found possible to trace 
the mechanism of absorption of that portion of the fat which 
does not enter the blood by way of the lacteals. It is 
possible that it may be utilised or built up into more com¬ 
plex compounds in the tissues of the mtestinal mucous 
membrane. r 

must now inquire how_ the. fat., gets into the lacteals. 

If sections be made of the villus during the digestion of fat, 
and stained with oamic acid, the epithelial cells are seen to 
be full of black fatty granules of various sizes (Fig. 177). 
These granules are also to be observed in the spaces sm’- 
rounding the central lacteal.' The lacteal itself is full of 
lymph with fat-globules, but the latter are here much more 
minute, and correspond to the molecular basis of the chyle. 

Ve must c onclude . Jha.t the fat is taken up by the 
enitheli al cells covering the idlius. But m what form? 
We have already seen that the effect of the pancreatic juice 
on neut ral fats, which form the great proportion of the fat 
of food, IS to split them -up„jio a certam extent inio-iree 
fatty acid and glycflrin. The r an cid fat thus produced ui an 
alkaline m edium at once foms anjemulsion, and smce the 

^ Many of the leuoooyteB also present black grannies, but these are supposed 
not to be of a fatty nature, since they are not dissolved on treating the section 
withethei. 
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chyle also contains fat in a finely divided condition, it was 
thought that t he dige sti on of fat essentiall y conaiBtedJn 
qj_,gplitting up into particles fine eno ugh to, he tnjr gu np hy 
t^e_ epithelial cells. On examining sections of the villi 
during fat-absorption, it will be seen however that the 
striated border is always free from fat-globules, and that 
the globules grow in size from the inner to the attached 
border of the cell. Moreover by such an explanation it is 
difficult to account for the extreme importance of bile for 
the absorption of fat. It seems practically certain that there 
is no fundamental difference between the absorption of fats 

Fi». 177. 

A B 



Oolumnoi epithelium from small mtestine of fiog stained with 
osmic aoid to show fat-absorption A, five houis after a 
meal of olivo oil; B, three houis later. It should be noticed 
that the fat globules first formed giow in size in the course 
of digestion, pointing to a gradual deposition of fat on the 
globules from solution in the protoplasm. 


and that of carbohydrates and proteins, and that they are 
all alilte absorbed in a state of solution. If fatty acids are 
admmistered to an animal they are absorbed, but appear 
in the chyle as neutral fat, showing that a synthesis of 
the fatty acid and glycerin has taken place on the passage of 
the fatty acid from the mtestiae to the lacteal through the 
epithelium. In the same way, soaps taken with the food 
appear in the chyle as neutral fats, and in both cases the 
assimilation is improved by the addition of the necessary 
amount of glycerin. We may conclude that tba-fnpTn,fl,tifi 7 ;i of 
an flTYmlflj nn in the intestine is not the end of the digestive 
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proeeBB. bi^jerves.infirfibLiiilJpdM atjftrger surface of the 
fat in contact with. the dig eBtive juices. In the digestion 
^nd abeorpti on jof fat there is a concerted action of the 
pan creat ic juice and^the bile. The pancreatic juice splits 
about 6 per cent, of the neutral fat into fatty acid and 
glycerin. In the presence of excess of alkalies, the fatty 
acid forms a soluble soap which, together with the glycerin, 
is absorbed by the epithelial cells, and recombined in the 
body of the cell into neutial fat. If, as is often the case 
especially with n. highly fatty^diet, the reaction of the small 
rr^tflfitine he aci d, t he fo rmation, of soajos can no longer go on. 
T he fat-spl itting action _of_the_ pancreatic juice .isjvevef con- 
JjinpsB, and t^, fatty acids set free are dissolved by the bile 
acid and taken up by the epithelial cells. Heie the synthesis 
*ofJhe neutral fat once more occurs, and the bile aci d is 
carried bv the noital blood to theJiyer to be re-secreted \Kith 
th e bile mto the mte stme. where it may aid the absorption of 
a further amount of fat. As the free fatty acids and soaps 
are absorbed, the pancreatic juice is able to split up a further 
portion of the neutral fat, until the whole of the neutral fat 
of the food has been absorbed by the epithelial cells of the 
intestme in a state of solution as soaps or fatty acids. 
It is partly on this account that, extopatioiL-of the 

pajjcress, fats are not a bsorbed 6ysjxiL,8dministiCEfid 
animal in the form of a fine _egiulBion containing neutral fat 
suspended in a solution of soap. If however to this emulsion 
choppfidmp pancreas, be adde.d, a large proportion of the fat 
is a bsorb ed. 

■'"^he epithelial cells extrude the fat-granules into the 
spaces of the letioular tissue. Heie a ceitain amount may 
be taken up by the leucocytes and carried mto the beginning 
of the lacteal. The greater proportion however is probably 
pressed forcibly through the wall of the central lacteal by the 
contractions of the muscular tissue of the villus. A further 
contiaction of these fibres empties the lacteal into the 
submucous plexus of lymphatics, where the presence of valves 
prevents any reflux, so that, on relaxation of the muscle- 
fibies, there is no hindrance to the further passage of fat and 
lymph into the flaccid central lacteal. This is the so-called 
pumping action of the villus. 


23 
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Absorjit%o% of Carbohydrates 

The other constituents of the foodstuffs^eem to Jbe 
absorbed __ Qjnefly, if not completely, by the blood-vessels. 
Blood normally contains a small amount of dextrose (P‘l to 
0^ pel’ cent.), and the jproportionj)f^^gar in the Jjmph is 
th^jS&Sje as in the Iblood. „a meal rjoh iiL. carbo¬ 

hydrates, the proportion of sugar m the chyle flowmg fiom 
the thoracic duct is the same as that in the blood from the 
carotid artery; i^ is found that there is shghtjy moie 
Bug^r .iir tha. blood -yarn thgjj in ^that from 

tl^hepiitic vein oj; ^carotid artery. It is mferre d^jjheyefore 
tha^&e'Jblood ^in the capillarijes of the mtestmal AsejJl^takes 
up sugar in the form of dextrose and^ carries it to the liver. 
Here the^xcess of sugar is ^taken up by the hopatic cells, 
and converted by them mto the colloid ^carbohy^te, gly- 
cog^, which is deposited m the substance of In 

this y^ay the liver acts as a storehouse^t.carbpbydiate 
material, and preven ts_^e^ugar m a rich carbohydrate meal 
from escapmg into the general cnculation. This function is 
important, smce it is found that if the amount of sugar m the 
bjood b^raised above the normal, the excess is immediately 
excreted by the kidney ; so that without such an economismg 
organ as the liver the greater part of a caibo_hydrate jneal 
would at once be wasted. 

We have already seen (p. 336) that the e nd-produciLof the 
action of the salivary and pancreatic ferments on starch 
IS a mixture of maltose and achroodextrm. I^Jtbe blood 
of the portal vein however, we find only dextrose ; and it 
appears that the dextrin and maltose must undergo some 
"fiuiher change before reaching the blood. We know for 
certain t hat the_succus entericus contams a ferment ^ich 
can conyert maltose into dextrose; but it is possible also 
that the epithehal cells Iming the mtestine are able to effect 
a transformation of both dextrm and maltose mto dextrose. 
It^rpisiLbe,reinembere^too that nomal blood-plQi8iaa> Bei’um, 
and. lynij)h CQptam a ferment which quickly conye.rte. bojlfid 
starch, glycogen, maltose ha^to dextrose. At any 

^a^underjioimal circumstances no dextrin or^rnaltpse isjp 
be found m the bloody of the j)ortal vein or the chyle, 
although these substances are absorbed from the in testine . 
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Ahso}pthQ}i of Prot&Dis 

Proteins are for the most part converted into peptones 
and alb umpses before absorption. This absorption takes 
place by means of the blood-vessels. Thus a large protem 
a^^al IS as_isadilj absorbed in a Jog whose thoracic duct is 
ligatured _a s m a normal dog. A large pr otem meal always , 
gives use to a marked increase mT theT amount of urea ; 
e^rpeS^ in Hi'bie, and t his incr ease is found also^in. a ^ 
dgg_ whose,Jhoracic^duot^as been hgatured, showing^Jhat 
t he nrot ein has-been absorbed and distiibuted thiough the 
whole system. 

Jf howevei we an alyse the blood of the portal vein 
dming a(Jixe_Pi:nii^^ not a trace of peptone is 

f^und . Injection of even small albmnp^ or 

peptone into the portal vem oi any pait^of. the blood-stream 
gives rise at once to peptonuria, and the greatei part of the 
peptone injected reappears m the uime, from which it can 
b^collected. Thus i^ is impossible that the proteins can 
reach the blood-sti*eam in the form of peptone, and the 
f3l5gm^L^p^nnents have been injerp^ted as showin^hat 
neptone ,.i8_regenerated mto coagulable j)rotem m its passage 
through ^the e]pithelial cells of the alimentary canal 

A_pmce pf_ the mucous membrane of the stomach during 
a^hve_ protein digestion is excised and divided into two 
nieces. One piece (a) is thrown at once into boiling water, 
and the other piece (b) is allowed to. remam for Jhree hoiu’s 
m 0 , warm moist chamber at 40^ C., and is then plunged 
into boiling water. Qn analysmg the two jneces a^large 
amoun t of peptone is found m a, whereas in b the meiest 
tiace or none is present. Durmg^the^^stay m the warm 
chambei, a^ the peptone in b has been conveited into some- 
thmg else, probaMy coagulable protein. That this action 
presumably depends on the vital activity of the epithelial 
cells and not on unorganised ferments present m the cells, is 
shqgr^by jhe fact that plunging the membiane mto water at 
is as efficacious in stoppmg the action as when water 
at 100° C. IS used. At 60°,_C. all livmg cells m the body are 
destroyed, buj^not all unoiganised feiments. 

The following experiment also poinhs to a total disappear* 
ance of the peptone during absorption .—A loop of a dog’s 
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intestine is excised, its contents washed out with a normal 
saline fluid, one gramme oi peptone placed in it, and the ends 
hgatured. Dilute defibrinated blood is now passed for two or 
three hours through the vessels supplying the loop in order 
to keep it alive. At the end of this time, on cutting open the 
loop, all the peptone is found to have disappeared, and on 
analysis of the blood that has passed through the vessels 
of the loop, no peptone can be foimd. It wa s there foi&jion- 
ftlnded that pep tons Jiad,b6en, converteT^ito_juJ2Qagulab^^ 
pxiteinii^ts passage through the absorbing epitbeliwn. 

*' Mori' recent mvestigations by Leathes and others have, 
however, tended to put a different inteipretation on these 
results. muc ous me mbjgpie of the- whole alimentary canal 
contams erepsin, and the disappearance of peptone can b e 
eguffl^jE^l^explained on the assumption that it Jias. hem 
entirely converted by this ferment mto amin o-aci ds an d other 
Bu^tancea, which no longer give the bim’et reaction typical of 
albumoses and peptones. It is t rue tha t so far o_^e.ry,ers have 
f p ilAfl f.o nhtfl.in any j pcrease m the nitrogenous, extractives of 
the. portal bipod duriiig digestion, but the. circulation through 
the. vessels gf. the gut is^o ra^ that the whole o^ a large 
protein meal might be absorbed in the form of these_jiitio- 
genous extractwes without givmg such a rise in ^e ammo- 
nitrogen of the blood as to be detectable by our means of 
analysis. 

On the other hand, it is no t nec^ai^j hat the protein 
should be all^ jpe ptp nified before being taken up by the 
epiJilgiiaLfieUB. It has been shown that protein, such as egg 
albumen or acid albumen, may be absorbed by an isolated 
loop of bowel or by the lower end of the large intestme, which 
has been washed free from any trace of proteolytic ferment 
that may have been carried down to it from the pancreatic 
juice. Peptonisation however helps the work of the epithe¬ 
lial cells, and materially hastens the process of absorption. 
It is probable that a large proportion of the proteins of the 
food may undergo complete disintegration into ammo-acids 
and bases, being absorbed m these forms into the blood, and 
built up again into proteins m the living cells of the tissues, 
the extent to which any individual protein is broken down 
durmg digestion being deternuned by the degree in which its 
composition approximates to that of the normal proteins of 
the digesting animal. 
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Absorption of Water and Salts 

Owing to the simple character of the factors involved, 
the study of the absorption of water and salt solutions from 
the intestine is of considerable importance for the problem of 
the mechanism of absorption generally, since it enables us to 
determine '^ether the absorption is effected along purely 
n^chM ifiaLluias ^ whether the cells lining the intestine 
tak^n ^active .part in the process* gn the latter hypothesis 
wg.,j]ioi3ld_ regard t he proce ss a^ one of inverted secretion. 
Whereas in glands the secretory epithelium takes up sub¬ 
stances from the lymph and turns them out with more or less 
modifications into the lumen of the alveoli, in the intestme 
the epithelium would take up the food material and products 
of digestion and excrete them in a more or less changed con¬ 
dition on the other side into the lymph- and blood-spaces of 
the villus. 


Fig 178. 


c 


u 
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We may first consider the physical factors which would 
influence the passage of water and dissolved substances 
across the intestinal epithelium. In the case of two com¬ 
partments A and n, separated by a permeable membrane o, 
an interchange of material will go on so long as there is any 
difference in the chemical composition on the two sides. If 
the proportion of a dissolved substance such as sodium 
chloride, be greater in a than in b, the movement of salt 
from A to B will preponderate over that from b to a. If the 
total number of dissolved molecules be greater in a than in b, 
the osmotic pressure in a will be greater than the osmotic 
pressure in b, and there will consequently be a flow of water 
from B to A. In the case of substances of different diffusi- 
bility, the less diffusible substance will exert at first more 
osmotic pressure than the more diffusible, so that if equi- 
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molecular solutions of sugar and sodium chloride he taken, 
the fluid will move from the sodium chloiide side on to the 
sugar Bide at a greater rate than m the reveise direction; 
and the volume of the sugar-solution will mcrease at the 
expense of the sodium chloride. It is evident that if the 
membrane be partially or completely impermeable to certain 
substances, these substances will have a greater effective 
osmotic pressure and so be instrumental m determming an 
absorption towards their side. Where however the fluids on 
the two Bides are identical, no property of the membrane will 
effect a transference from one side to the other, nor can any 
specific permealnlity cause the passage of a dissolved sub¬ 
stance, so to speak, uphill, Le. from a position of lower to 
a position of higher partial tension. On mvestigatmg the 
absorption of saline fluids from the intestines in the light of 
these principles, we find that, although absorption is influ¬ 
enced by the concentration and composition of the fluids 
within the intestine, yet these physical factors are not the 
only nor the chief determinants in the process, but that the 
living cells of the mucous membrane play an important part 
in choosmg and actively passing on certam constituents of 
the food. If we take a solution of a salt, such as sodium 
sulphate, the question seems at first sight a purely physical 
one, a hypertonic ^ solution being mcreased in amount, while 
a hypotonic solution is concentrated by the absorption of 
water, until its molecular concentration is the same as that 
of the blood serum. If however we make use of the more 
physiological solutions, such as dextrose or sodium chloride, 
we find that these substances are absorbed rapidly from 
weak or from strong solutions, the rate of absorption being 
apparently very little influenced by the diffusibility of the 
substance in question. We can in fact represent absorption 
as made up of two factors, the physical and the physiological. 
Where they are m opposition, absorption goes on slowly 
and represents work done on the fluid by the absorbmg cells. 
We may abolish this physiological factor by the addition of 
such substances as sodium fluoride to the solutions, by which 
means we poison the cells without apparently altering the 

* A 1iy2}ei tome solution is one that is moieconoentiated than normal fluids, 
such as aeium oi noimalNaCl solution A hypotonic fluid is less conoentiated 
than a normal fluid. 
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sistence of the membrane. By a twisting of hyj)othes6S, 
aight be possible to explain even these facts without 
)urse to a physiological factor, but it is impossible to 
lain in this way the absorption of substances such as 
im or solutions of egg albumen, containing indiflfusible 
Olds in solution, and in the former case identical in all 
Dects with the serum circulatmg in the blood-vessels of 
villi. 

We have already met so many examples of an activity of 
intestmal epithelium, such as the re-synthesis of fats, the 
3neration of peptone, and the passage by some means or 
3r of the regenerated coagulable protein into the blood- 
aels of the villi, that it is not strange to find the cell also 
ng for the absorption of such necessary constituents of 
food as salts and sugars. Where the salts are of small 
no physiological importance, the cell in many cases 
ears to have no power of physiological absorption, and 
salts exert their full physical mfluence, absorbing water 
retaining that by which they are dissolved, so that they 
as saline purges, e g. sodium or magnesium sulphate. 

The rate of absorption of water by the alimentary canal 
■eases from above downwards. No water or dilute salme 
itions appear to be absorbed by the stomach. If a 
denal fistula be established, as much fluid will be dis- 
rged by the fistula as is administered to the animal by the 
ith. In the small mtestine, the process of absorption is 
3h more rapid m the ileum than in the jejunum. In 
sequence however of the continual secretion of the succus 
mcus, the mtestinal contents reach the ileo-colic valve in 
uid condition, and the excess of water is only absorbed in 
large intestine. 

This difference m the absorbing power of different parts of 
gut has reference chiefly to water. Dissolved substances, 
h as alcohol, dextrose, alkaloidal poisons, are absorbed with 
■erne rapidity from the stomach as from all parts of the gut. 
Water and salts are absorbed almost entirely by means 
he blood-vessels. If a cannula be placed m the thoracic 
t, little 01 no increase of the flow is obtamed even during 
absorption of large quantities of salt solutions from the 
3stine. 
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Section 8 



SUMMAEY OE THE CHANGES UNDEEGONE BY 
THE EOOD IN THE ALIMENTAEY CANAL 


In the ^ut^the food is broken up into small particles by 
mastication, and moistened with a lkaline s aliva , in order to 
fit it for deglutition. A small part of the starch is converted 
mt o destri mor maltose. 

On reaching the^omach the action of the saliva may go 
on for thi rt y to jix ty mmutes. At^ the end of this time 
the secretion of gastric juice, excited by the presence of 
foo^and of al kaline sa liva m the stomach, is sufficiently 
abundant to ji^i^alise an^ render acid all the gastric 
c ontents , and so stop_thfi^ction .of_ the ptyalm. Under the 
action of the gastric juice the greater part of the protein is 
dissolved, and converted into syntonin, albumoses, or pep¬ 
tones. The connective tissues are also dissolved, settmg free 
the fat, which floats about in a free state. At the same time 
some of the salts and sugar which have been swallowed, 
and the peptones formed from the food, are being absorbed 
by the gastric mucous membraner/ For the first half-hour 
after ingestion of a meal of solid food, the pylorus is firmly 
closed. At the end of this time it relaxes at mtervals to 
allow the passage of the fluid parts of the gastric contents, 
which are spoken of at this period as chyme. The passage 
of food through the pylorus goes on for seven or eight hours 
after the ingestion of food, and towards the end of this time 
larger lumps of undigested material are allowed to pass on 
into the duodenum. 

As the acid chyme is squirted through the pylorus mto 
the duodenum, it comes into contact with the cells of the 
mucous membrane, and in them causes a conversion of pro¬ 
secretin into secretin. The latter is absorbed by the blood 
stream and carried to the pancreas and liver, causing a flow 
of pancreatic juice and an increased secretion of bile. The 
strongly alkaline pancreatic juice neutralises the acid chyme. 
So long as the duodenal contents are acid, the pylorus remains 
closed, but opens as soon as sufScient pancreatic juice has 
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been secreted to neutralise the chyme that has already 
passed through. When this happens the pylorus relaxes, a 
fresh quantity of acid gastric contents is forced through, 
more secretin is formed, and the pancreatic secretion is again 
excited until the second amoxmt of chyme is neutralised ; and 
this self-steering regulation of the activities of' the stomach, 
pancreas, and intestines goes on until all the food has passed 
through the pylorus. At the same time the pancreatic juice 
poured into the gut evokes a secretion of succus entericus, 
which supplies the enterokmase necessary for the activation 
of the proteolytic ferment of the pancreatic juice. 

In the duodenum the chyme comes in contact with the 
bile, the flow of which is also quickened under the influ¬ 
ence of the secretin which is being poured into the circu¬ 
lation. This causes a precipitate in the chyme, consisting 
of bile acids, syntonin, and albimioses. This precipitate is 
dissolved later on by the further operation of the pancreatic 
juice. Here the remaining digestive processes take place; 
the undigested proteins are dissolved, and the acid albumen 
and albumoses resulting from gastric digestion are converted 
into peptone and partially into leucine, tyrosine, and similar 
nitrogenous bodies. Starches are changed into maltose and 
dextrin, and, under the further agency of the intestinal jmce, 
mto dextrose. The fats are paitially split up and emulsified. 

Throughout the whole of the small intestine active 
secretion and absorption are taking place, so that the amount 
of water in the mtestmal contents m the lower part of the 
small intestine is about the same as in the upper part. The 
contents of the lower part acquire a distinct faecal odour from 
the indol and skatol produced by the action of putrefactive 
bacteria on the tryptophane contained in the proteins of the 
food. In the large intestine the processes of absorption 
predominate over those of secretion, hence that part of the 
intestinal contents which has not been absorbed becomes less 
and less watery, and acquires the character of faeces, m which 
form it IS periodically expelled from the body. 

The faeces consist mamly of the indigestible residue of 
the food, or of substances which have been taken in too large 
quantities to be digested, and contain— 

(a) Cellulose, woody fibre, elastic tissue, keratin, and 
remains of muscle-fibres, starch-grains, and fat. 
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They also contain— 

(b) The unabsoibable part of the digestive juices, such as 
mucm, altered cholalic acid {dyslysuh)^ bile-pigments, choles- 
terin. 

(c) IndOl and skatol, various forms of bacteria, and disinte¬ 
grated epithelial cells from the intestmal mucous membrane. 

(d) Certain products of excretion of the intestinal mucous 
membrane. Many metallic poisons {e.g, iron, mercury) are 
excreted into the cavity of the intestine and leave the body in 
the ffeces as sulphides of the metals. 
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Section 9 

MUSOULAE MECHANISMS OE DIGESTION 
Mastication 

By movements of the lower against the upper jaw, the 
food IS crushed between the teeth and reduced to a finely 
subdivided condition to fit it for the action of the various 
digestive flmds. The lumps of food are continually pushed 
between the teeth by movements of the tongue, cheek, and 
lips. The whole act is voluntary, although it is associated 
with and rendered easier by the saliva which is poured out 
into the mouth at the same time, and the secretion of which 
is excited reflexly. 

The nerves supplymg the muscles engaged in mastication 
are the fifth nerve (to jaw muscles), facial, and hypoglossal. 

Deglutition 

When the food is sufficiently subdivided, it is gathered 
by movements of the tongue agamst the hard palate into 
a bolus which rests on the dorsal surface of the tongue, 
whence it is propelled through the fauces into the obso- 
phagus. 

The movements of deglutition may be divided into three 
stages. 

In the first stage the bolus is carried by the tongue 
through the isthmus faucium. This act is voluntary. As 
soon as the bolus has passed the isthmus, it is in a region 
common to the food and respiratory processes. 

Here, by a series of rapid reflex movements, constituting 
the second stage, it is sent on mto the beginning of the 
oesophagus. The movements are as follows —The levator 
palati draws the soft palate upwards and backwards, and this 
with the contracted palato-pharyngei entirely closes the nasal 
cavities. At the same time the intrinsic muscles of the 
larynx contract, closing the rima glottidis liy approximating 
the vocal cords while the entire larynx is drawn up behmd 
the hyoid bone by the thyio-hyoid muscle, and the superior 
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Opening of the larynx is closed by the approximation of the 
arytsenoid cartilages to the base of the tongue and the epi¬ 
glottis. Then by the contraction of stylo-pharyngei and 
palato-ph&ryngei the upper part of the pharynx is drawn like 
a glove on a finger over the bolus of food, which is grasped by 


Fict. 179 



Dissection to show mnacles” employed in deglutition &, styloid 
process, from which anse 1, the styloglossus, 2, the stylohyoid, 
S, the stylo-pharyngeua muscles, c, section of lowei jaw, d, hyoid 
bone, e, thyroid cartilage, g, isthmus of thyroid gland; 4, cut 
edge of mylo-hyoid muscle, 6, 6, 7, 8, muscles of tongue , 9, 10,11, 
supenor, middle, and mferioi constnctoia of phaaynx; 12, oeso¬ 
phagus (Allen Thomson) 


the superior constrictor, and passed on from this to the middle 
and inferior constrictors of the pharynx. 

The third or oesophageal stage is slow and entirely 
involuntary. The bolus is forced down the oesophagus by 
a peristaltic wave of contraction passmg down the muscular 
walls of this viscus. 

The propagation of this contraction from one segment of 
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the oesophagus to the next is a leflex act. Section of the 
vagus branches to the oesophagus arrests the wave, although 
it is not checked by section of the oesophagus itself. A 
peristaltic contraction is not necessary in most cases to 
secure the carrying of food to the stomach. If a senes of 
acts of deglutition be made at mtervals of a second, no 
peristaltic wave of contraction takes place till after the last 
mouthful has been swallowed. It seems that each act of 
deglutition inhibits the third stage of the pieceding one, 
BO that the food slides easily thiough a relaxed oesophagus. 

The cardiac end of the stomach is normally contracted, 
but relaxes in the last stage of deglutition. 

Nervous Mecha7iism of Degliotitiori 

Deglutition is a complex reflex act, which is started by 
impulses from the mucous membrane of the fauces or upper 
part of the larynx. These travel up to the medulla through 
branches of the fifth neive and the superior laryngeal branches 
of the vagus. A movement of deglutition may often be 
excited by stimulation of the central end of the superior 
laryngeal nerve. 

Stimulation of the central end of the glosso-pharyngeal 
nerve checks any movements of deglutition that are in progress 
and may excite voimting. 

The efferent channels are the hypoglossal nerve (to the 
tongue), the fifth (to the mylo-hyoid), the glosso-phaiyngeal, 
vagus, and spinal accessory (to the muscles of the soft palate, 
pharynx, and ossophagus). The vagus carries both motor and 
inhibitory fibres for the lower part of the oesophagus and 
the cardiac sphmcter of the stomach. Stimulation of the 
peripheral end of the vagus in the normal animal causes 
tonic contraction of the whole oesophagos. If however curare 
and atropine be given, excitation of the vagus generally 
mhibits the cardiac sphincter, so allowmg of a free flow of 
fluid fiom cesophagus to stomach. 

Movements of the Stomach 

The stomach, which serves at once as a digestive organ 
and as a reservoir which allows only small amounts of the 
food at a time to pass into the intestmes, is divided into 
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cardiac and pyloric portions. Its muscular coat consists of 
three layers, an outer longitudmal, a middle circular, and an 
internal oblique layer, the first being contmuous with the 
longitudmal fibres, and the two latter with the circular fibres 
of the oesophagus. About the middle of the pyloric half the 
circular fibres are slightly thickened to foim the ‘tiansverse 


Fia. 180. 



Shadow sketches of the outlines of the stomach of a cat, immediately 
after a meal {U 0), at vaiioua mteiwals afteiwoids (12 0, 2 0, 

8 30, 4 30), c, situation of oesophageal opening, ‘transveise 
band, ’ junction of cardiac and pyloiio portions (W B 
Cannon.) 

band,* and at the pyloric orifice there is a very pronounced 
thickening of the same fibres, formmg the strong pyloric 
sphincter. The movements of the stomach in the normal 
animal have been studied by Cannon, by the administration 
of suhmtrate of bismuth with the food (bread and milk). On 
exammmg the animal under the Eontgen rays, the opaque 
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bismuth salt caused a shadow of the outlines of the stomach 
on the platmo-cyamde screen. Figures obtained m this way 
are shown in Fig. 180. Withm five minutes after the end of 
a meal slight constrictions appear near the middle of the 
stomach and travel slowly towards the pyloric end. The con¬ 
tractions succeed one another at intervals of ten seconds, so 
that the pyloric half is occupied with two or three such waves. 
Ten or fifteen minutes after the first constriction has 
appeared, the arrival of a wave at the pylorus is attended by 
a relaxation of the pyloric sphincter and a squirting of some 
of the contents into the duodenum. After this time the 
pylorus opens at regular mtervals to allow some of the gastric 
contents to pass. The relaxation of the sphincter is at once 
inhibited by the arrival of any solid or indigestible particle in 
the region of the pylorus. 

During this time, although free from distinct waves of 
contraction, the cardiac part of the stomach has not been 
idle. As the pyloric half empties itself mto the duodenum, 
the cardiac half contracts steadily on its contents, so com¬ 
pelling ever fresh portions of food to enter the pyloric mill. 
At the end of digestion the cardiac part is contracted to the 
shape of a tube (Fig. 180, 4.80). The period elapsmg from 
the takmg of food to the complete emptymg of the stomach 
may vary, accordmg to the meal taken, from four to sixteen 
hours. 

Nervous Mechanism of the Stomach Movements 

The manner in which these co-ordmated muscular con¬ 
tractions are initiated and earned out is quite unknown. 
Smee somewhat similar movements have been observed m 
the excised stomach, it has been supposed that they are due 
to a local nervous mechanism; but whether this mechanism 
IB situated in the plexus of Auerbach between the muscular 
coats, or in the microscopic ganglia which are found at 
various places under the serous coat, is quite unknown. 

From the central neivous system the stomach leceives 
fibres by two ways, viz. from the vagi and from the splanchnic 
nerves. It is generally stated that the effect of the vagus is 
to mcrease, and that of the splanchnic to diminish the stomach 
movements. It is certain however that the vagi may act 
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either as motor 
stomach as well 


or inhibitory nerves to the walls of the 
as to the cardiac and pyloric sphincters. 


Pia. 181 . 



DiBtiTbuton of the vagM in the abdomen o£ the dog (M H. Naylor) 

represented by a discontmuoua ImA ^ those places is 

tween right and left vam P Pon« hianoh be- 


The most usual effect of stimulating the vagus esneciallvnft^,. 
>lropm», h coatracKon of tho pjloru. mlfria.at.on rf tt' 
eaidiae apWoi-; bnt m oflier caaes ttora may be an oqLuj 
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definite contraction of the cardiac sphincter, or an equally 
definite relaxation of the pyloric sphincter. It is doubtful 
whether in the higher animals the splanchnics have any 
direct influence on the muscular wall of the stomach. 

Vomiting 

Vomiting is a reflex act which lies on the borderland 
between physiological and pathological processes. It is at 
any rate the normal reaction of the stomach to an irritant. 
The act of vomiting is generally preceded by a feelmg of 
nausea, copious salivation, and retching. Eetehmg is a 
violent inspiration while the glottis is kept firmly closed, so 
that air is drawn into the oesophagus, and distends it. This 
stage is followed by contraction of the fibres radiating from 
the cardiac end of the oesophagus, which opens and allows 
gas to escape. The head being bent forward and the mouth 
widely opened, so as to straighten the oesophagus as much 
as possible, and the glottis kept closed, a forcible contraction 
of the abdominal muscles occurs, attended by contraction of 
the muscular wall of the stomach itself, which forces out its 
contents. 

Vomiting can be accomplished by contraction of the 
stomach alone, or of the abdommal muscles alone; for it 
may be excited in an animal by injection of apomorphine even 
after its stomach has been replaced by a bladder, or its 
abdommal muscles and diaphragm paralysed by section of 
the intercostal and phrenic nerves. Vomiting may be ex¬ 
cited reflexly by irritation of the palate, fauces, stomach, 
peritoneum, or indeed of any abdominal organ. It may also 
be excited from the bram, m consequence of emotions or evil 
smells. The co-ordination of the movements of vomitmg is 
dependent on a centie in the meduUa—‘vomiting centre ’— 
not far from the respnatory centre. The various emetics 
may cause vomitmg, either reflexly by irritation of the 
stomach (mustard, salt water, zinc sulphate), or directly by 
their action on the centre, e.g apomorphine. 


24 
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Movements of the Small Intestiiie 

The muscular wall of the small intestine is composed of 
two continuous layers of longitudinal unstriated fibres ex¬ 
ternally and circular fibres mtemally. Between the two 
layers we find a peculiar nerve-plexus, ‘ the plexus of Auer¬ 
bach,’ composed of crossing strands of non-medullated nerve- 
fibres with collections of ganghon cells at then nodal points. 
T^ine fibres given off from this plexus ramify among the 
muscle-cells on each side. A finer plexus, the plexus of 
Meissner, lies in the submucosa and sends nerves up mto 
the villi to supply the muscles of the muscularis mucosae and 
the glandular epithelium. 

On examimng the small intestines in a waim saline bath, 
after division of all nerves connectmg them with the central 
nervous system, they are seen to be in a state of continual 
movement. The movements are of two kinds. In the first 
place, all the coils of intestme are m a condition of swaymg 
motion, the movement from side to side being caused by slight 
waves of constriction affecting both coats simultaneously and 
travelling rapidly down the intestine at the rate of 2 to 6 cm. 
per second. They recur at regular intervals of five or six 
seconds, so that if a rubber balloon be placed m the mtestine 
and connected with a lecordmg tambour, we get a tracing 
as regular as that of a beatmg heart. These movements 
are apparently myogenic^ i.6. they are due to an inherent 
rhythmicity of the muscle-fibres themselves and are propa¬ 
gated down the intestme from one muscle-fibre to another. 
They are increased in amplitude by local distension and in 
frequency by rise of temperature. They are incompetent to 
push a mass of food onwards , then chief use seems to be to 
effect a contmuous movement and mixmg of the intestmal 
contents. In animals which have been fed with food con¬ 
taining bismuth subnitrate, these contractions may be seen 
under the Rontgen rays to cause the intestmal contents to 
break up into segments, which fuse agam to be broken up 
by fresh constrictions. The movements are therefore often 
called the ‘ segmenting movements.’ 

In strong contrast to these segmentmg contractions are the 
true peristaltic waves. Where not present spontaneously m 
the exposed intestine, they may be easily evoked by intro- 



THE MECHANISMS OF DIGESTION 


371 


ducmg a bolus of cotton Tvool and vaseline into the gut. The 
introduction of the bolus is at once followed by a twofold 
effect. Iiumediately above the bolus, a strong ring of con^ 

Fig 182 



Passage of bolus Contractions of longitudmed coat (enteiogiapb) 

The bolus (of soap and cotton wool) was inserted into the mtes- 
tme foui inches above the recorded spot at a The figures below 
the tiaomg indicate the distance of the middle of the bolus from 
the lecoiding levels As the bolus arrived two inches above the 
levels theie is cessation of the rhythmic oontractions and inhibi¬ 
tion of the tone of the muscle This is followed, as the bolus is 
foicod past, by a stiong contiaction in the lear of the bolus. 

striction is produced, and this travels slowly down the 
intestine, driving the bolus before it. The rate of pro- 

Fig 183 



lutebtimil contiactions (balloon method) In thib dog all the abdominal 
gauglia had been excised, and both vagi cut Showing propagated 
effects of mechanical stimulation above and below the balloon. 

(1) pinch above, (2) pinch below, (3) pinch below balloon 

gress of the wave is very variable and may be as little as a 
centimetre in a minute. The passage of the bolus downwards 
is lendeied possible by an inhibition of all the spontaneous 
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contractions of the intestinal wall for some distance below 
the bolus, so that the advancing wave drives the bolus always 
into a relaxed portion of the gut. A peristaltic wave there¬ 
fore is a co-ordinated act involving two factors, an excitation 
above and an inhibition below the excited spot. This two¬ 
fold effect of local excitation can be easily demonstrated by 
pinching the intestine above and below a balloon connected 
with a tambour. A pinch above causes instant relaxation 
of the gut at the balloon, whereas stimulation just below 
causes increased tone and increased rhythmic contraction 
(Pig. 188). 

These peristaltic contractions, as well as the double re¬ 
action to local stimulus, can be abolished by painting the 
intestine with cocain or by injection of nicotine. Under these 
circumstances the rhythmic swaying movements continue as 
actively as before, but the intestine is powerless to move on 
a bolus or mass of food. We must therefore regard them 
as co-ordinated reflexes carried out by the local nervous 
mechanism—the only example known so far of a true co¬ 
ordinated reflex dependent entirely on peripheral nervous 
structures. 


Fig 184 



Excitation of both splanchnic neiTes Balloon method 
Intestine letmned to abdomen 


Innervation of Small Intestine 

The small intestine receives fibres (1) fiom the greater and 
smaller splanchnic nerves which run through the semilunar 
and superior mesenteric gangha and arrive at their destination 
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along the mesenteric arteries, and (2) from the contmuation 
of the right vagus. The latter however contams fibres from 
both vagi m the neck. The splanchnic nerves convey purely 
inhibitory impulses (Fig, 184), the inhibition bemg independent 
of the simultaneous effect on the blood-vessels of the mtestmes. 
Both longitudinal and circular fibres are mvolved m the inhi¬ 
bition. Any painful stimulation of a sensory nerve, especially 

Fw. 185. 


0^.ce- 


Eiloot of stimulatiou of light vagus ou mtostmal contractions. 


in the abdomen, excites a reflex inhibition, so that it is 
necessary to cut all the splanchnic flbres if we wish to study 
by operation the normal activities of the intestine. 

The vagus is a motor nerve to the mtestine. Stimulation 
of the vagus after the administration of atropine (to paralyse 
the cardio'inhibitory fibres) gives, after a prolonged latent 
period, increased amplitude of the rhythmic contractions 
accompamed by augmentation of tone (Pig. 185). 

In the dog there is a preliminary temporary inhibition, 
but this inhibition is possibly determined by an immediate 
motor effect on the stomach or duodenum, since it is absent 
in such animals as the rabbit, where a descendmg inhibition 
as the result of local stimulation is also absent or little 
marked. 
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MovemeiLtfi of Larg^e Intestine 

Just as at the upper end of the alimentary canal there is 
a gradual transition from the co-ordinated cerebro-spinal 
reflex of deglutition to the local automatic movements of the 
stomach, so in the large intestine we find a gradual transition 
in the opposite direction, the activity of the gut becommg less 
automatic and more dependent on its extrmsic innervation as 
we proceed from ileo-colic valve to anus. The muscular wall 
consists, as in the small intestme, of two coats, the outer 
longitudinal fibres however being especially condensed in 
man and some animals to form three bands of muscular fibre. 
The colon separated from its nervous connections shows slow 
rhythmic contractions, much moie irregular and less frequent 
than those of the small intestme. A peristaltic wave may 
often be produced m the upper part of the colon or be trans¬ 
mitted onwards from the ileum, but in nearly all cases dies 
away before arrivmg at the sigmoid flexuie 

In the upper part of the large intestine in many animals 
we find peristaltic movements alternating with antipeiistaltic 
movements, so that the onwaid movement of the intestinal 
contents is out short by a reverse contraction which drives 
them up against the ileo-csecal valve. The. to and fro move¬ 
ment of the intestinal contents seems specially adapted for 
enabling the organism to extract the last traces of nutriment 
from the contents of the gut before these aie passed on as 
feeces into the lower bowel 

hmervation of Laige Intestine 

The colon receives fibres from two sources—from the 
lower dorsal and upper lumbar nerves, and from the second 
and third sacral nerves. The upper set of nerves pass by the 
rami communicantes into the sympathetic chain, thence into 
the inferior mesenteric ganghon, where many of them make 
connections with the neiwe-eells. From the ganglion they 
pass as non-medullated nerve-fibres along the branches of 
the inferior mesenteric artery m the walls of the gut. 
(Fig. 306.) The sacral fibres pass m the pelvic visceral 
nerves or nervi erigentes to the hypogastric plexus, whence 
branches are given off, which run up in the walls of the colon. 
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The action of these two sets of nerves is exactly analogous to 
that of the nerves supplying the small intestine, the part of 
the vagus bemg taken by the pelvic visceral nerve. The 
branches of the inferior mesenteric ganglia are purely inhi¬ 
bitory to both longitudinal and circular coats, whereas the 
sacral nerves cause a strong contraction of both coats, which 
may in some cases take the form of a descendmg peristaltic 
wave, but is m all cases accompanied by a strong contraction 
of the thickened collection of longitudmal fibres forming 
the recto-coccygeal muscle. This contraction is in the dog 
often preceded by a preliminary inhibition analogous to that 
produced in the small mtestine by the vagus. 

A 'well-marked band of oiroular muscles forma a spbinctei at the entry of 
ileum into colon. It is interesting to note that excitation of the splanchnios, 
which inhibits all the rest of the gut, causes a strong contraction of the ileo¬ 
colic sphincter 


Defeecation 

The residue of the undigested food and other matters 
formmg the fsBces are driven on by the peristaltic contractions 
of the upper part of the large mtestine, until they reach 
the sigmoid flexure. The mass of faeces accumulates in the 
sigmoid flexure, and is added to after each meal. 

The anus is closed by two distmct muscles—the external 
sphmcter, a thin sheet of striated muscle; and the mternal 
sphincter, a thick rmg of unstriated muscle surroundmg the 
last three inches of the rectum, and about half an mch thick. 
The internal sphincter is normally m a condition of tonic 
contraction. This contraction however is not usually needed 
to keep back the faeces, since any that have escaped past the 
sigmoid flexure are retamed in the upper part of the rectum 
by a transverse fold of mucous membrane. They are also 
kept back by the acute angle that the last part of the rectum 
makes with the precedmg part, and by the contractions of the 
perinasal muscles which maintain this curvatm'e and empty 
the lower part of the bowel. 

DefBBcation is normally started by a volui^tary act, although 
it may take place involuntarily, as is shown by the fact that 
it occurs in a dog whose spinal cord has been divided m the 
dorsal region. 
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The steps of normal defsacation are as follows:—The 
glottis being closed, a forcible expiratory effort of the abdo¬ 
minal muscles is made. The perinseal muscles being relaxed 
at the same time, the lower part of the rectum is straightened, 
and a portion of the contents of the sigmoid flexure is foiced 
down into the lower part of the rectum. The presence of a 
foreign body in the lower part of the rectum mritates the 
mucous membrane, and excites leflexly the rest of the act. 
Strong peristaltic contractions take place along the whole of 
the descending colon (sigmoid flexure and lectum), while both 
sphmcters are relaxed, thus forcing out the contents of the 
bowel. The recto-coccygeal muscle contracts forcibly at the 
same time, pulling down and straightening the lowest part of 
the bowel and causing some eversion of the mucous membrane. 
The last section of the rectum at the close of the act is emptied 
by a forcible contraction of the levator am and the other 
perinesal muscles, and this contraction also serves to restore 
the everted mucous membrane. 

The carrying out of this reflex act is dependent on the 
integrity of a certain part of the lumbar spmal cord. If this 
‘ centre * be destroyed, the tonic contraction of the sphincter 
muscles disappears. This centre may be either excited to 
increased action, or be mhibited by peripheral stimulation of 
various nerves, or by emotion, such as fear. Application of 
warmth to the region of the anus causes reflex relaxation 
of the sphincter ; application of cold increases its tonic con¬ 
traction. 
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EESPIEATION ' 


Section 1 

THE KESPIEATOEY MOVEMENTS 


The processes of external res piration, namely, the taking up 
of oxygen and the givmg off of carbon dioxide—the product 
of the imion of the oxygen with the carbon of the foodstuffs— 
are effected in the lungs, which are built up in the following 
way. The trachea or windpipe, a wide tube about inches 
long, divides below mto two mam branches—; 
and these subdivide agam and again, becommg gradually 
smaller. The termmal ramifications or l^onchioles open into 
rather wider parts—the the walls of which are 

beset with a number of mmute cavities, the alveoh. The 
larger tubes are kept patent by rmgs or plates of cartilage m 
their walls. The smaller tubes have no caitilage, their walls 
being composed of fibrous and elastic tissue and a coating of 
unstriated muscular fibres, which are able by their contraction 
to occlude the passage. The whole system of tubes is Imed 
with a layer of epithehum—ciliated columnar m the trachea, 
bronchi, and bronchioles, and cubical over the parts of the 
infundibulum not occupied by au-cells. 

The alveoli are the special respiratory parts of the lung. 
Their walls are composed of connective tissue containing a 
laige number of elastic fibres, and are covered internally by 
a single layer of extremely thm large flattened cells. The 
alveoli are closely packed together, so that in a section of 
the lung an alveolus is seen to be m contact with others on 
all sides. Immediately below the squamous epithehum ramify 
blood-capillaries derived from the pulmonary artery. These 
form a close network, and the blood m them is m close 
7* proxinnty to air on all sides, being separated from the air in 
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the alveoli only by the thin endothelial cells of the capillary 
wall and the flattened cells lining the alveoli. 

The lungs in their development grow out from the front 
part of the alimentary canal into the front part of the body- 
cavity on each side—the pleural cavity. The surrounding 
body-walls become strengthened by the formation of the ribs, 
so that the lungs are suspended m a bony cage-work, the 
thorax. Their outer surface is covered with a special 
membrane, the pleura, which is reflected on to the wall of 
the thorax from the roots of the lungs, and completely lines 
the cavity in which they lie. The surface of the pleura 


Fig 186 



Diagrammatio representation of the structure of the lungs The 
trachea branches into two hionchi, which subdivide again and 
again before ending m the infundibula (from Yeo). 

faciug the pleural cavity is lined with a continuous layer of 
flattened endothelial cells, and is kept constantly moist by 
the secretion df lymph into the cavity. Thus, being attached 
to the thorax only where the bronchi and great vessels 
enter, the lungs are able to ghde easily over the mner surface 
of the thorax, with which under normal circumstances they 
are in mtimate contact. 

A constant renewal of the ah: m the lungs is secured by 
movements of the thorax, which constitute normal breathing. 
With inspiration the cavity of the thorax is enlarged, and 
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the lungs swell up to fill the increased space. The capacity 
of the air-passages of the lungs being thus increased, air is 
sucked m through the trachea. The movement of inspiration 
is followed by that of expiiation, which causes diminution of 
the capacity of the thorax and expulsion of air. 

The expnation follows immediately upon inspiration. At 
the end of expiration there is normally a slight pause. The 
number of respirations m the adult is about 17 or 18 a 
minute. This is however much influenced by various con¬ 
ditions of the body, and also by the age of the individual. 
Thus a new-born child breathes about 44 times a mmute, a 
child of five about 26 times, a man of twenty-five about 16, 
and of fifty about 18. The frequency is mcreased by any 
muscular effort, so that even .standmg up increases the 
number of respirations. These movements are much affected 
by psychical activity; they are to a certam extent under 
the control of the will, although, as we shall see later, they 
can occur in an animal deprived of its brain, and we know 
they are normally carried out without any special act of 
volition. We can breathe fast or slow at pleasure, and can 
even cease breathing for a time It is impossible however 
to prolong this respiratory standstill for more than a minute; 
the need of breathmg becomes imperative, and agamst oui* 
will we are forced to breathe. 

With every inspiration the cavity of the thorax is enlarged 
in all dimensions, ^om abov e doyf^words by the contraction 
of the diaphragm, ahd in its transyerae diameters by the 
movements of the ribs. 

The diaphragm is a sheet of muscle separating the cavity 
of the chest from that of the abdomen. This sheet, which is 
tendinous at the centre, is arched, the convex side protruding 
up into the thorax, forming thus a dome-like boundary of 
the peritoneal cavity. In expiration the lateral muscular 
parts of the diaphragm lie m contact with the lower part of 
the thoracic wall. Duiing inspiration the muscle-fibres con¬ 
tract and draw the central tendon downwards, so that 
the lower border of the lungs descends (Pig. 188). The 
enlargement of the lungs at the lower part of the thorax 
is aided by the abduction of the floating ribs, produced by 
the contraction of the quadratus lumborum and deep costal 
muscles. In this contraction the diaphragm presses on the 
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contents of the abdomen, so that the abdomen swells up with 
each inspiratory movement. 

In forced inspiration the descent of the tendinous part of the diaphragm 
may also involve the heait and mfeiior vena cava 

The enlargement in the other diameters is effected by an 
elevation of the ribs. Each pan- of oorrespondmg ribs, which 
are articulated behind with the spmal column and in front 
with the sternum, forms a ring directed obliquely from 
behmd downwards and forwards. With each inspiratory 
movement the ribs are raised, the obhquity becomes less, 
and the hqri zoptal distance between sternum and spinal 

PiQ 187 



Diagram showing movements of diaphragm in respiration % i, 
inspiratory position ; e c, expiratoiy position. (Yeo) 

pqhinmj^ therefore Moreover the ribs from the 

first to the seventh increase m length from above downwards, 
BO that when they are raised, the sixth rib, for instance, 
occupies the situation previously taken by the fifth, and the 
transverse diameters of the thorax at this height are m- 
creased. With each inspiration there is a rotation of the 
ribs. In the expu’atory condition they are so situated that 
their outer surfaces are directed not only outwards, but also 
downwards. As they are raised by the inspiratory move¬ 
ments, they rotate on an aiis directed through the fore and 
hind ends of the rib, so that their outer surfaces are turned 
directly outwards. In this way a certam enlargement of the 
thoracic cavity is produced. As the thorax is raised there is 
always some stretching of the rib cartilages. 
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In expiration the processes are reversed, and the cavity of 
the thorax is diminished in aU three dimensions. 

The movements of the thorax are effected by means of 
muscles. Aspiration is performed by the following muscles : 

Ae diaphragm, which is the most important, and a^ost 
suflices alone to carry out quiet respiration. 

The external intercostal muscles, which shorten and so 
raise the ribs. 

The levatores eostarum and serratus posticus superior. 

These muscles are the only ones normally engaged in 
carrying out inspiration. Whe n, in consequence of muscular 
exertions or fiom any other cause, the mspiratory efforts 


Pig 188 



Four dorsal veitebrsa and their nbs to show attachments of lespiratory 
muscles (A. Thomson) 1 1, levatoies oostarum, 2, external 
mteroostal; S, internal intercostal. 


become more forcible, a large number of accessory muscles 
are brought into play. These are— 

The scaleni, 

, Sterno-mastoid, 

Trapezius, 

Pectoral muscles, 

Ehomboids, and 
The eerratus anticus 

Normal expiration is chiefly effected passively. When the 
inspiratory muscles cease to contract, the lungs, which were 
stretched by the previous inspiration, contract by virtue of 
the elastic tissue, they contain, and the thorax itself sinks by 
its own weight, and by the elastic reaction of the stretched 
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costal cartilages. Erol^ably under normal cu’camstances the 
internal intercostal muscles also contract with each expu’a- 
faon. 

Although the action of the mteicostal muscles has been a subject of debate, 
physiological experiments serve on the whole to confirm the yiew first put 
forward by Hamberger and based on a consideration of the duection of the 
fibres. The external mtercostals pass from one rib to the next below down¬ 
wards and forwaids Hence if a pair of ribs be isolated fi'om the lest of the 

Fig 189 



chest-wall, lea\ingthe vertebral and costal attachments intact, contiaction of 
these muscles will cause a nse of both iibs. This lesult will be evident fiom 
a consideration of Fig 189, wheie 6 is a fibre of the exteimil intercostal 
muscles, passing fiom the iib u s to be attached to the iib v' a' at b When 
a h oontiacta, the tension it exeits on its two attachments can bo lesolvcd into 
two components a c acting downwards and h d acting upwaids h d howevei 
acta at the end of the long level 6 v\ wheieas a c acta at the end of a shoit 


Fig 190 



level a V, Hence the laising effect will oveicome the dcpiessiiig effect, and 
both riba will nse 

The fibies of the internal mteicoatals lun m the opposite diiection to the 
external muscles, and from a consideration of Fig 190 it is evident that their 
effect will be to depiess any pan of iiba, thus acting as expiratoiy muscles 

Owing to the fact that the costal caitilages make on angle with the bony 
nbs, the fibies of prolongation of the internal inteicostala, muscuU mtacaiti- 
lagineif have the same relation to then attachments that the external inter- 
costala have to the bony iibs Then action theiefoie must be to raise the 
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oartilages and flatten out the angle between the oaitilaginoue and bony nbs, so 
that they must act with the external mteroostale as inspiratory muscles 

In forced expiration a large number of muscles may take 
part—such as the serratus posticus mferior, and the muscles 
forming the wall of the abdomen, Le. the rectus, obliquus, and 
kansversus abdommis muscles. 

As the lungs expand with each inspiration, them position 
changes somewhat in relation to the thoracic wall. The 
roots, the hinder borders, and the apices of the lunge remain 
nearly stationary. The front parts move downwards and 
inwards, so that their inner borders in front approach one 
another. the chest, jt may be easily made 

o qt that the resonant area, corresponding to the parts where 
the lungs are in contact with the thoracic walls, increases 
with each jjispiration, and dminishes with each expiration. 

Even at the end of expiration the lungs are in a stretched 
condition. This is shown by the fact that if in an animal 
or in the corpse an opening be made into the pleural cavity, 
an rushes into the openmg and the lungs collapse, driving a 
certain amount of air out through the trachea. Smce then 
the lungs are always tendmg to collapse, it is evident that 
they must exert a pull on the thoracic wall This pull of 
the lungs gives rise to a pleural 

cavity. If we connect a mercurial manometer with the ^, 

, pleural cavity, we find this pull of the lungs amounts in the 
corpse to 6 mm . p^emury. If the lungs are fully disteiiSeT,! 
as after full inspiration, the elastic forces are more brought" 
into play, and the negative pressure in the pleura may^ 
amount to 30 mm. Since the lungs are always tending to 
collapse, respiration becomes impossible directly free open¬ 
ings are made mto the pleural cavities on both sides. With 
each inspiratory movement air rushes in through these 
openings, so that the thoracic movements can no longer exert 
any mfluence on the volume of the lungs. The negative 
pressure in the thorax is dimmished by any factor de-^Ji'^J.f 
cieasmg the elasticity of the lung-tissue. Thus in an old ' '' 
man, where the elastic tissue is degenerated and the alveoli 
are enlarged, givmg rise to the condition known as emphy- ‘ 
sema, the lungs may collapse only slightly or not at all on ^ 
opening the chest. The lungs do not collapse on makmg an^' ' ' 
openmg in the chest of a new-born mammal; but this is 
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owing to tlie fact that the lungs completely fill the thorax 
m the expiratory position, and it is only later that with the 
growth of the ribs the thorax gets, so to speak, too large for 
the lungs, whi,ch_are therefore stretched to fill it. 

The force exerted by the inspiratory muscles is nearly 
all spent in overcoming the elastic resistance of the lungs 
and costal cartilages. A free access of air is provided for 
by contractions of certain accessory muscles of respnation 
With each inspiration the glottis is widened by abduction'^of 
the vocal cords. When the glottis is observed by means of 
the laryngoscope, a rhythmical separation and approximation 
of the vocal cords are observed, synchronous respectively 
with inspiration and expiration. When inspiration is laboured, 
the alsB nasi are dilated by the action of the dilatator nasi. 
This movement of the nostril, which is constant in many 
animals, becomes very prominent in children suffermg from 
any respiratory trouble. 

If a manometer be connected with one of the nostrils, so 
as to register the pressure in the air-cavities, it is found that 
there is a negative pressure of — 1 mm. Hg with mspira- 
tion, and a positive pressure of 2 or 3 mm.^ with expiration. 
With forced inspiration the negative pressure may amount 
to —57 mm. Hg, and with forced expiration there may be a 
positive pressure of + 87 mm. 

Under no circumstances can we by forced expiration 
empty the lungs of air. At the end of the most forcible 
expiration, if the pleura were perforated, the lungs would 
collapse and drive more air through the trachea. When 
breathing quietly a man takes m and gives out at each breath 
about 500 c.c. of air, measured dry and at 0° C. If measured 
moist and at the temperature of the body, viz. 37° C, the 
volume would be 604 c.c. This amount is known as the 
^al air^ By means of a forcible inspiratory effort it is 
I possible to take m about 1,500 c.c. more {complemental air). 
At the end of a normal expnation a forcible contraction of 
the expiratory muscles will drive out about 1,500 c.c. more 
, - ^ ^ {supplement^ ai? ). These three amounts together constitute 
, • ‘vital capacity’ of an mdividual TMs total may be 

'determined by means of the instrument known as the spiro- 
meter, which is merely a small gas-meter with a gauge by 
which the amount of air m it can be at once lead off. The 
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person to be tested fills Ms lungs as full as possible, and then 
expires to the utmost mto the spirometer. The air left m 
tfee. lungs after the most vigprous expiration {residual air) 
a moun ts to about 2,000 c.c. 




The residual air may be determined by letting a person expire to the 
utmost extent and then conneotmg with hia mouth or nose a bag of known 
capacity filled with hydrogen The subject of the expeiiment then inspires 
and expires into the bag two or three times, ending in the same state of forced 
expiration as he began Any diminution of the total volume of gas in the bag 
will represent the gas lost durmg the expenment by diffusion into the blood¬ 
vessels. By analysis of the gaseous mixture m the bag, it is possible to 
deliermme the amount of air m the lungs at the beginmng of the expenment. 
Supposmg for example the bag held 4,000 o o hydrogen, after two respirations 
the total volume is unaltered, but the gas is found to consist of 8,000 o c, ^ 
hydrogen and 1,000 c c oxygen, nitrogen, and CO^, » e pulmonary gases. Smce 
the gas m the lungs must have the same composition and 1,000 c c. hydrogen 
have disappeared from the bag, it is evident that the lungs will contain 1,000 c c. 
hydrogen and i s. 830 c c pulmonary gases. Thus the total volume of j 
gas left m the lungs at the end of the forced expiration was 1,830 c o , which is ^ 
the residual volume for the mdividual 


Of the 600 c.c. of tidal air taken m at each mepiratiou, 
only a certain part reaches the alveoli, part being required 
to fin the air-tubes, trachea, bronchi, and bronchioles which 
lead to the air-cells. The volume of the air-tubes has been 
reckoned to amount to 140 c.c., so that of the 600 c.c. about 
860 c.c. reach the alveoli. For the same reason the expired 
air represents the air from the alveoli (360 c.c.) diluted with 
140 cc. of air which has remamed in the air-tubes and 
undergone very little change, other than the elevation of 
temperature and saturation with aqueous vapour. We have 
therefore to allow for this air contained m the so-called 
‘ dead space ’ of the lungs when we seek to arrive at the 
composition of alveolar air from an analysis of expired air. 
We must remember however that the air’ in this dead space 
is not absolutely wasted, since it is constantly undergomg 
interchange by diffusion with the alveolar air, and thus 
serves to carry some of the oxygen to and some of the CO, 
away from the pulmonary alveoli, although never in contact 
with the latter. 


26 
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Section 2 

CHBMISTBY OF EESPIEATION 

The respiratory movements are but means to an end. 
They enable the blood to take up oxygen and give off carbon 
dioxide on its way through the lungs, so that the blood reaches 
the tissue-elements prepared to supply them with oxygen and 
to take up carbon dioxide, the product of their destructive 
metabolism. We have now to study the conditions that 
regulate gaseous mterchange in the lungs and m the tissues. 

As we should expect, analysis shows marked differences 
in the constitution of inspned and expired aii. Inspired 
^—that is to say, ordinaiy atmospheric air—consists of 
a mixture of oxygen and nitrogen, with a very small trace of 
carbon dioxide gas. Its composition is— 

Oxygen . 20 96 vols pei cent 

Nitrogen . 79 „ „ 

Carbon dioxide . 0 04 vol „ 

It also contains a variable amount of watery vapour, but is 
very rarely saturated with it. Its temperature of course 
varies with the season of the year. 

The chief change that occurs in respired air is a decrease 
of the oxygen, and a correspondmg mcrease of carbon dioxide. 
Its average composition m man is— 

Oxygen . . 16*0 vols per cent 

' ^ ^ f^ Nitiogen . 79 6 „ „ 

Oaibon dioxide 4 4 „ „ 

It is moreover nearly saturated with watery vapoui*, which on 
a cold day condenses m a cloud of steam with every expira¬ 
tion. Its temperature, which is very slightly affected by that 
of the external air, is a little below the normal body tempera¬ 
ture (about 36° C,). If the mspired air is above the body 
temperature, the expired air is found to be cooled down to 
the temperature of the body. If the inspired and expired air 
be carefully measured m a dry condition at the same tempera¬ 
ture, it will be found that the volume of expired air is about 
■ 5 ^ less than that of the inspired. The conversion of oxygen 
into carbon dioxide would not of course cause any change 
m the volume of the gas; for one molecule of oxygen (OJ 
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would, on combining with carbon, give rise to one molecule 
of carbon dioxide. (COj), which at the same temperatui*e and 
pressure would occupy exactly the same volume. But it 
must be remembered that carbon is not the only element 
which leaves the body m an oxidised condition. JlgJts, for 
example,jcontam^ a number of u^oxidised atoms of hydrogen, 
which in the metabolic processes of the body are fully oxidised 
to be excreted as water. A certain amount of ra^gen too is 
used up m the.oxidation of the nitrogenous elements of food, 
which are excreted chiefly as urea. Thus a certain amount 
of oxygen is taken in^ which does not reappear as COg m 
expired air. Hence, although the total volume of nitrogen 
expired is the same as that mspired, its percentage aonount 
is rather greater in expired than in inspired air. We should 
expect to find this apparent loss of oxygen greater in carnivora, 
whose food consists mainly of proteins and fats, than in 
herbivora, which feed prmcipally on carbohydrates. This 
indeed is found to be the case. 

The quotient known as the respiratory 

guoUent. From the preceding remarks, it is evident that it 
can never be greater than 1, if the observation be extended 
over a fairly long period, and that it is less in carnivora 
than in herbivora. 

Jf an animal could live on a pui*ely caibohydrate diet, its respiratoiy 
q^uofcient would be exactly 1 , amoe the hydrogen and oxygen in the carbohydrate 
molecule are in the exact proportion to form water and can theiefore be dis< 
regarded Thus 

OgHjjOtf + 6 Oj = 6 OOj + 6 H,0 
(.DoxtroBQ) 

The case is diHerent with fats. If we assume an animal to bo fed on piue 
olem, the respiratory changes wiU be repiesented as follows * 

0,B .,+ 80 0, = 67 00, + 62 H,0. 

Here the respiratoiy quotient is ~ = 0 71 

80 

Egg albumen may be roughly represented as OiojjHjaoNggOaaS The oxidatioji 
would take place as follows. 

OjoAsoN^OasS + 107JO, = 89 00, + 54H,0 + 13 00N,H, + SO,. 

(Ureifc) 

89 

Heie the respu’atory quotient is —5 = 0 82. 

107 0 

In the case of the isolated frog’s muscle, or of the whole 
frog m an atmosphere of nitrogen, the respiratory quotient 
may be very large. In warm-blooded animals however, the 
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intake of oxygen must always run parallel "to the output 
of COj, and it is not found that moderate muscular activity 
alters in any way the respiratory quotient. With very 
severe exercise leading to dyspnoea, there may be a temporary 
rise of the quotient, but such a condition cannot be regarded 
as normal. 

On the other hand very considerable alterations may take 
place in the respiratory quotient, if the organism is, so to 
speak, altering its invested capital, and converting a large 
amount of carbohydrates into fat, or fat into carbohydrates. 
This will be evident if we compare the formula for a fatty 
acid with that of dextrose. Thus: 

^18^30^1 + 8 O3 = 3(C(,H,20^ 

Thus to convert fat into carbohydrate, a large amount of 
oxygen must be taken in, which will not appear at all in the 

CO 

excreta. The respiratory quotient -q- will be therefore very 

small, and in hibernatmg animals, where this change occurs 
to a large extent, it may not exceed 0'2 or 0*8 ; and the animal 
may even gain weight by the absorption of oxygen. On the 
other hand when carbohydrates are being largely converted 
into and stored up as fat, a large amount of oxygen will be 
avaihiblo for the production of OO 2 from the simple decom- 

CO 

position of the carbohydrate. In such cases will be 

large, and may amount to as much as 1*5. 

As was shown on p. 385, qnly a certain percentage of the 
500 c.c. of tidal air reaches the alveoli, 100 to MO c.c. bemg 
required to fill the trachea and bronchial tubes. Hence the 
alveolar air must contain more carbon dioxide and less oxygen 
than the tracheal air; and it is found that, if we take the air 
from the alveoli mstead of that expired through the mouth 
or nose, the differences between it and the inspired air are 
much more qironounced. 

Asomiilp^of nlvfinlar mj;.may be obtained for analysis m the following way 
(Haldane). A piece of indiarubber tubing is taken of about 1 inch diameter 
and 4 feet long Into one end (Fig 190 a) ib fitted a mouthpiece, the other 
being left open or oonneeted wi th a sruromater About 2 inches from the 
mouthpiece is fixed a Ba-tn-p lmg-hJilb, which is provided with three-way taps 
at the uppei and lowei ends. Before an experiment the bulb is filled with 
meicury, if the lower end is open, or else it is completely exhausted The suh- 
]eot of the cxpeiiment, after breathing normally a few times through the tube, 
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at the end of a normal inepiiatioD, expires quickly and deeply and closes the 
mouthpiece with his tongue. The tap of the sampling-bulb is then turned, 
and the air last expelled from the Inngs (which is therefore pure alveolar air) 
rushes into the bulb The top of the bulb is then turned off, and the gas may 

Fig 190a. 

1/ <S/IMPUA/S TUBE 

be removed for analysis. A similar sample is then taken, in which the subject 
expires deeply at the end of a normal expiration. This sample will, of course, 
contain more OOj and less 0^ than that obtained at the end of inspiration The 
mean of the two samples is taken as the average composition of alveolar air 

The difference between the composition of expired air 
and alveolar air is deterpginecl by the dilution of the alveolar 
air with that contained m the dead space. Hence with 
shallow breathing there will be a large difference, but this 
will decrease with increased depth of respiration. Thus if 
the alveolar air contained 6 per cent. COj and the dead space 
amounted to 160 c.c., the expired air would only contain 
3 per cent. COg when the person was taking in only 800 c.c. 
at each respiration. If however he was breathing slowly 
and-deeply so as to raise the tidal air to 1,600 c.c , only one- 
tenth of this would be represented by the dead space, and the 
expired air would contain nine-tenths as much COg as the 
alveolar air, i.c. 6’4 per cent 

Besphatory Changes %n the Blood 

From 100 volumes of either venous or arterial blood we 
can, by means of the mercurial pump, remove about sixty 
volumes of gas. 

A gi’eat vaiiety of pumps has been devised foi this pm pose. One of the 
vj simplest of these (Hill’s blood-pump) is shown m Fig 191, and will serve to 

^ illustiate the prmciple on which all the other pumps aie constructed. ‘In 

^ f^extraotmg the gases of the blood by means of this pump, ^ blood receiver is 
'fj affixed to the end of the tube e, and the leceiver is elevated into the position 
Jr’ '^indicated by the dotted outlme The receivei (d) is then put lu connection with 
^ f I the tube (e) by means of the three-way tap (d), the reservoir (a) is laised above 
the pump, and the whole system is filled with mercm’y to the top of the blood 
receiver (p). The sciew clip on the rubber tube, at the uppei end of p, is then 
closed, and the reseivoir (a) lowered until the blood receiver is exhausted, except 
for 2 or 3 0 0 of mercury, which aie pmposely left within The soiew chp on 
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tho lowoi end ol p ir next closed, and the blood reeeivei now clipped at ei^a 
end, exhausted, detached from tube n, and weighed A sample o! blood is thm 
ooUeoted m the following way -The arterial or venous oannida is Med mth 
blood, and immediately afterwards pushed into the rubber tube at the end of 










Blood gas-pump of L Hill. This consists of ^“XresM- 

. about 800 c 0. m capacity, which is connected /Xf 

■t voir (n) by means of 120 o m. of piessure tubing The upper entt 
the reaeivon (b) is closed by a thiee-way tap (d). y , ^ ^ / x 

tjhTi the lefiei'voir can be put in connection with eithei the tube ^ 
Kr“lSTeeeiv^ (x), or with the 

endiometei (h) The tubes e and c axe made of manometer tub g 
blood rLLvei (f), which aJso acts as the 
of three glass bulbs connected by short and 

eithei end of the blood receiver is fixed a piece of pressure tubmg, 
piovided with a soiew ohp 


the blood leceivei, as fai as the closed sciew ohp ^^^^"^tn^eTolude 

cannula, the end ol the lubbei- tuba is compiessed with the tog^s to cxo^ 
the on within it A sufficient quantity of blood is now withdrawn ^ ammal 
at the same time the soiew ohp, and the ohp placed on the vesse o 
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The blood is defibrinated by shaking it with the mercury left within the blood 
receiver for that pm’pose, and the latter is then agam weighed. The weight of 
the sample of blood is then obtamed. The blood receiver is once more affixed 
to the tube (n), m the dependent position shown m the hgui’e, and the tube (b) 
IS exhausted. Finally, the screw ohp between e and the blood receiver is 
opened, and the gases are withdrawn and oolleoted m the eudiometer. Smce 
the blood receiver hangs freely from the tube (n) by means of a piece of rubber 
tubmg, it can be both immersed in warm water, and shaken to faoihtate the 
complete escape of the gases The bulbous form of the blood receiver prevents 
the blood from frothmg over mto the pump, and if the action becomes too 
violent, it can be immediately allayed by pommg a few drops of wann water on 
to the tube (e) The bubbles are thereby diiven back Into the receiver, and the 
pump IS never fouled The tap (n) is so manipulated that the gases only, and 
not the watei which condenses in the reservoir (b), are diiven over mto the 
eudiometer The water is turned back into the blood receiver Three to four 
exhaustions are sufficient to extract all the gases from about ten grammes of 
blood The gases aie estunated by the potash and pyingalhc acid method ’ 

The composition of this gas varies considerably in venous, 
but not so much m arterial blood/ 

The average composition of the gases of dog’s blood is 
given m the following table : 

Fiom 100 voIb May be obtained 

Of oxygen Of carbon dloxldo Of nitrogen 
Of arterial blood . 20 vols, 40 vols. . 1 to 2 vols. 

Of venous blood 8 to 12 vols. , 46 „ . „ „ 

Measured at 700 mm and 0® 0, 

Thus the analyses of expired air and of the gases of the 
blood show clearly that the latter, in its passage through the 
lungs, takes up oxygen and gives off carbon dioxide. In 
the tissues the reverse process occurs, so that the venous 
blood returns to the lungs deprived of a portion of its 
oxygen, and loaded with COg. In studying the mechanism 
of this gaseous interchange, it will be convenient to treat 
the two gases separately, since their behaviour in the blood 
and tissues seems to be largely independent of each other. 

The oxygen in the blood is nearly entirely carried by 
the hffimoglobin of the red blood-corpuscles. The serum or 
plasma of the blood cannot take up more oxygen than the 
same bulk of water—less than 1 per cent, at the ordinary 
atmospheric pressure and temperature. On the other hand, 
if from a given specimen of blood we extract the hesmo- 
globin and dissolve this in water, we find that the pure 
hsamoglobin is able to absorb as much oxygen as the original 
blood on bemg exposed to or shaken with pure oxygen or air, 
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What IS the condition of the oxygen in the blood ? Is it 
simply dissolved, or does it enter into chemical combination 
with the hfismoglobin ? 

It is well known that, when a gas is dissolved by a hquid, 
the amount of gas taken up by the liquid varies directly as 
the pressure of the gas. Thus if one hundred volumes of 
water at 0® 0. would dissolve four volumes of oxygen at a 
pressure of one atmosphere, it would dissolve eight volumes 
at a pressm'e of two atmospheres. At a pressure of three 
atmospheres the amount dissolved would be twelve volumes. 
If the liquid be removed from an atmosphere of oxygen at 
a pressure of two atmospheres to an atmosphere at a pressure 
of one, oxygen will be given off by the water until equilibrium 
is established between it and the smToundmg medium; the 
water will then contain only four volumes per cent. At a 
pressure of half an atmosphere the amount dissolved will be 
two volumes. In this case it makes no difference to the 
amount of oxygen dissolved, whether the oxygen is alone or 
whether it be mixed with some other gas. Thus the amount 
dissolved will be the same, whether the water be exposed to 
pure oxygen at a pressure of 880 mm. Hg, or to a mixture 
of equal volumes of oxygen and nitrogen at a pressure of 
760 mm. Hg. In each case the partial pressure or tension 
of the oxygen is the same, and therefore the same amount is 
dissolved. 

When equilibrium is established between a gas and a 
liquid, so that no gas is being taken up or given off by the 
liquid, the tension of the gas dissolved in the fluid is equal 
to that in the gaseous medium. On this fact is based the 
method of determining the tension of a gas dissolved in 
liquid. The hquid is brought into contact with gaseous 
mixtures containing various proportions of the gas in question. 
It is found that the liquid gives off gas to some of these 
mixtures, and from others takes up gas. By making various 
experiments a gaseous mixture will be found with which the 
liquid is in equilibrium. If we know beforehand the amount 
of gas in this gaseous mixture, we know its tension and 
therefore the tension of the gas m the liqmd. 

Pfliiger^B adrotonometer (Pig 192) consists of two glass tubes, n and a, 
contained in a vessel filled with water at the temperature of the body. The 
upper ends of the tubes are connected by the tube a with the artery or vein 



RESPIRATION 


89S 


m which it 10 desued to estimate the tension of the blood gases. If foi instance 
we wish to determme the tension of OO 2 m venous blood, where we expect the 
tension to amount to about 4 pei cent of an atmosphere, one tube n is filled 
with a gaseous mixtuie contammg 8 per cent OOq, and the other tube r with a 
mixture contammg 6 per cent 00 ^ a is now connected with the distal end of 
the jugulai vem, 01 with the central end of the carotid aiteiy, and blood is 


Fig 192 



Pflugei’s adrotonometei 


allowed to flow and pass in a thm stream down the walls of the tubes n and n, 
thus presenting a laige sm'faee to the contamed gases The blood collects in 
the lower nanowei portions of the tubes, and mns out into the vessels 6 , b, 
whence after defibnnation it is returned at inteiwals into the veins of the 
animal Details of on expenment of this desoiiption cairied out by Fi 6 dtiiicq, 
using however a single instead of a double tube, will serve to illustrate the 
method employed 


DetenmnatK/n of Tension of Oases in Arterial Blood 


Dog, 12 kilos Received injection of ‘ peptone ^ at 2 15 p m 

Percentage oompoaltlon of gas In 1 

aero tonometer I Probable tqIuo of Og nud OOg 

Time ^ - —*— ^ ' tenslona (lu percentage of 

At beginning , At end | an atmosphere) 


2 34—8 34 Oj=10 8 1 0^=13 01 | 0, = 13 to 14 8 pel eenli 

“COj^)'63“‘ i~OOr,^^72“ rC0^ = 241 pel cent 
336-436 0,= 16 175 ' Oj = 1483 


In this expenment the GO, tension of the blood was loweied in consequence 
of the injection of albumoses 
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One grm. of crystallised hsBinoglobin can absorb about 
1*4 c.o. of oxygen. If a solution of this oxyheemoglobin be 
subjected in an air-pump to gradually diminishing pressure 
at the temperature of the body, it will be found that very 
little oxygen is given off until the partial pressure of the 
oxygen is rlimiTushed to about 80 mm. Hg. At this point 
a large evolution of gas begins, and continues at falling 
pressure until at 0 mm. pressure all the oxyhaBmoglobin is 
dissociated and converted into hsemoglobin. The same obser¬ 
vation may be made in a reverse direction. If a solution 
of reduced hfismoglobin be exposed to gradually increasiug 
preBsm*es of oxygen, it will be found that the greatest absorp¬ 
tion takes place between 0 and 30 mm. Hg. After this point 
the oxygen is very slowly absorbed, and the further absorp¬ 
tion goes on in proportion to the partial pressm'e of oxygen. 

The following table gives the relative piopoitions of heBmoglobin and 
ozylisBinoglobin in a blood containing 13 per cent hfiBinoglobm and exposed to 
oir aij various pressures at a temperature of 87'4® 0 (Hiifner). 


Atmoapharlo proasn re 

In mm. Hg 

Fartlnl pressure of 
Oiygeuinmm Hg 

Hfemoglobln 

porcentngo 

Oxyhflamoglobiii 

peroeutnge 

760 

160 

54 

94 6 

524 8 

110 

76 

92 4 

357 8 

76 

10 8 

89 2 

238 5 

60 

16'4 

846 

119 3 

25 

26 7 

78 3 

47 7 

10 

47 6 

52 4 

28 8 

6 

66 9 

801 

00 

00 

100 00 

0 00 


In the curve in Pig 193 the diviflions along the base line coneapond to the 
partial pressure of the oxygen m nun Hg, and those along the upright lines 
(the ordinates) to percentage of saturation of the heamoglobin with oxygen. 

In the case of simple solution, the relation between the piesaure of a gas 
and the amount absorbed would be lepresented by a straight hue 

Since there is no direct proportion between the partial 
pressure of the oxygen and the amount absorbed, it is 
evident that the oxygen combines with hsemoglobin to form 
pn unstable chemical compound, and that this is not a mere 
question of solution. This is further proved by the fact 
that we can displace the oxygen (Og) from the oxyhsemoglobm 
by equivalent amounts by equal volumes) of CO or NO. 

A knowledge of these facts makes it easy to understand 
how the oxygen is taken up by the blood as it circulates 
round the pulmonary alveoh. Arterial blood, such as that 
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■which fills the pulmonary veins and the systemic arteries, is 
very nearly saturated with oxygen, and will only take up 
about 1 per cent, more on shaking it with air at the body 
temperature. Venous blood requires 8 to 10 volumes per 
cent, of oxygen to saturate it; but we have already men¬ 
tioned that, at a tension of 30 mm. oxygen, the blood becomes 
more than three-quarters saturated. The tension of oxygen m 
the alveoli is considerably above this. In the trachea the ten¬ 
sion of oxygen is about ^ of an atmosphere (since the air here 
contams 16 volumes per cent.), and the tension in the alveoli 

Eia. 193. 
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Biagiam fiom Hitfner, to show the percentage flatiiiation of hremoglohin 
with oxygen at different presanieq of the gas 


will be only a little lower than this. If we take the oxygen 
tension in the alveoli at f of an atmosphere,‘ it will still be 
something over 100 mm. Hence the venous blood brought 
to the alveoli by the pulmonary artery will, on there coming 
into intimate contact with the atmosphere, take up oxygen 
from it to saturation, or to a point not far removed from it. 

The blood, thus laden with oxygen, travels to the left side 
of the heart, and from there is sent through the arteries to 
all parts of the body. It must be remembered that neither 

* The oxygen tenBion in the alveoh has been leckonecl at about 12 0 pei 
cent to IS 6 pei cent, of an atmosphere 
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in the lunge nor in the tissues does the hsemoglobm come m 
actual contact with the source of the oxygen, nor with the 
cells which it is to supply. In both cases the interchange is 
effected through the intermediation of the plasma and, in 
the tissues, of the lymph as well. Since the tissue-elements 
are constantly using up oxygen, which they build up into 
their living protoplasm, they absorb any oxygen that is 
present in the suiTOunding lymph. There is, in consequence, 
a descending scale of oxygen tensions from red blood-cor¬ 
puscle through plasma, vessel-wall, lymph, and tissue-element. 
The cell draws from the lymph, the lymph from the plasma, 
so that the oxygen tension in the plasma sinks. This has the 
same effect as if we put the red corpuscles in a mercmual 
pump and lowered the pressm'e of gas. The immediate result 
is an evolution of oxygen, which is taken up by the plasma, to 
be in turn passed on to the lymph and the tissue-cell. 

Under normal circumstances a blood-corpuscle never 
stays long enough in the proximity of the tissues to lose its 
whole store of oxygen. If however the further supply of 
oxygen to the blood be prevented, as m asphyxia, the last 
traces of oxygen disappear from the blood. The enormous 
avidity of the tissues for oxygen is shown by the following 
experiment (Ehrlich). If a saturated solution of methylene 
blue be injected into the circulation of a living animal and 
the animal be killed ten minutes later, it is found on first 
opening the body that most of the organs present their 
nataral colour, although the blood is a dark-blue colour. On 
exposure to the atmosphere all the organs acquire a vivid 
blue colour. The avidity of the tissues for oxygen has been 
so great that they have been able to decompose the 
methylene blue molecule, with the formation of a colourless 
reduction-product, which on exposure to the air undergoes 
oxydation again and reforms methylene blue. If then the 
tissues are able to effect the reduction of a comparatively 
stable body lihe methylene blue, it is easy to understand their 
power of reducing oxyhsemoglobin, which is so unstable that 
it is decomposed by simple physical means such as exposm’e 
to a vacuum. 

It was long debated whether the chief processes of oxida¬ 
tion took place in the blood or in the tissues. Our experi¬ 
ences with muscle would alone serve to convmce us that in 
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some tissues, at any rate, processes of oxidation take place, 
and the methylene blue experiment shows that these pro¬ 
cesses of oxidation are intense m all the chief organs of the 
body. It has been found moreover that it is possible to keep 
a frog alive after substitutmg normal saline solution for his 
blood, if he be placed m absolutely pure oxygen, and that in 
this case indeed the metabolism of the animal goes on as 
actively as before. As the frog has no blood, it is evident 
that its metabolic processes, consisting of the taking up of 
oxygen and the giving out of carbon dioxide, must have their 
seat in the tissues. 

The relations of carbon dioxide in the blood and the 
manner of its excretion through the lungs are rather more 
complicated and obscm'e than in the case of oxygen. If a 
given volume of blood be divided mto plasma or serum and 
corpuscles, it will be found that the larger proportion of the 
carbon dioxide in the whole blood is contained m the serum, 
although a certain amount is also present in the corpuscles. 
When extracting gases from serum by means of the mercurial 
pump, it is found that about 5 per cent, of the carbon dioxide 
present is fixed that is to say, is only liberated after the 
addition of some weak acid, such as phosphoric or tartaric 
acid. If however we use whole blood for the experiment, it is 
found that the entire amount of 00.^ is given off. This is 
shown by the fact that, after extracting with the pump as 
much COg as possible, no further amount can be obtained on 
addition of phosphoric acid. Hence the red corpuscles act the 
part of a weak acid, and we can, in fact, m the first experiment 
use fresh red corpuscles instead of phosphoric acid to diive 
off the last trace of COg. 

Prom 100 volumes of venous blood we can extract about 
60 volumes of COg. The question now arises : Is this gas m 
a condition of solution or in chemical combination with the 
plasma ? The answer is easy to give. At the temperature 
of the body 100 volumes of plasma would take up 50 volumes 
of CO 2 at 760 mm. Hg pressure, ^.e. if we may consider the 

* It must not be thought that these 5 volmnes pei cent lepiesent the whole 
of the CO 2 that is chemically combined The fact that a poit of the gas is 
given ofi on exposure to a vacuum, and a part left m solution, shows merely 
eithei that one pait is m a state of looser chemical combination than the otbei, 
01 that the phosphates m the serum only suihoe to take up piuL of the soda 
hberated by the decomposition of the sodium caibouate. 
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solubility of the gas in plasma equal to its solubility in water. 
If therefore CO, exists in a state of solution in the plasma, 
its tension will be 760 mm. Hg, that is to say, one atmosphere. 
Now the OOa tension in venous blood may be determined by 
the method mdicated later (p. 417), and is found to be equal 
to only 6 per cent, of an atmosphere. This merely means 
that when the venous blood is brought into an atmosphere 
containing 6 per cent. CO 2 , the relative proportions of COj 
in the liquid and the gas remain the same. We see then that 
only pait of 60 volumes can be absorbed, since the CO, 
tension is only of an atmosphere; and must conclude that 
of the 60 volumes -1^ = 2^ volumes are in simple solution, 
and the lemainmg 47-^ volumes in chemical combination. 

On analysing the ash of the serum, we find that it con- 
tarns sufficient sodium present to combme with all the COj, 
besides that which is necessary to satisfy the fixed acids, 
hydrochloric and phosphoric. The presence of phosphates 
as well as protems (which may act as weak acids) in the 
serum is probably of great importance for the regulation 
of the tension of the CO^. If the two acids, carbonic and 
phosphoric, are present together m a solution containing soda, 
the salts formed depend on the relative masses of the two 
acids. If the carbonic acid is in excess, sodium carbonate is 
formed, together with monosodium phosphate (NaH^PO^). If 
however the carbonic acid be removed, or its ‘ mass influence ’ 
diminished by allowing it to escape freely into a vacuum, the 
phosphoric acid gains the upper hand and takes the lion’s 
share of the sodium, disodium phosphate (Na^HPO^) being 
formed. In this way, as soon as the amount of free carbon 
dioxide decreases, however little, the amount of the CO.^ in 
combination also diminishes, and moreover to a very con¬ 
siderable extent. Thus in the serum, where these two salts 
are present, an alteration of eight volumes per cent, in its GO .2 
gives rise to a change of tension of only 2-6 per cent, of an 
atmosphere. 

In otbei wordfi a distinct advantage is gamed if the GO 2 in the plasma is, lihe 
the oxygen m the corpusoles, m a condition of unstable ohemioal oombmation 
A rise of oxygen tension from 0 to 26 mm. gives a rise of oxygen carried from 
0 vols, per cent to 15 vols pei cent (takmg 20 vols pei cent, as maxuniun satura¬ 
tion of the haBmoglobm), while a rise of OOg tension from 0 to 38 mm gives an 
increase m OOj carried m the plasma from 0 vols. to 60 vols per cent If the 
COj weie m simple solution, this change of tension would raise the 00^ content 
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only to vola pel cent. The oo-exiskenoe of otbei weak salts of sodimu, suoli 
as phosphate or albuminate, with the carbonate has the effeot of rendering the 
latter more unstable and moie susceptible to changes in mass action of GO^, 

2 e to changes m the OO2 tension. 

This struggle between the CO3 and the weak acids of the 
serum for the possession of the sodium is constantly going on. 
In the tissues, where the 00 ^ tension is high, the mass influ¬ 
ence of this acid predominates, and a large amount of it is 
taken up into the blood, where it forms sodium bicarbonate. 
It is difficult to be certam of the tension of the carbon dioxide 
in the cells themselves. In urme it is 9 per cent., and in bile 
7 per cent. It may be estimated m the tissues of the intestmal 
wall of an animal such as the rabbit, with a thin-walled gut, 
by injecting air iuto a ligatured loop of intestine, and 
analysing the air after two or three hours. The air is then 
found to contam 7 to 8 per cent. COj. Thus the tension is 
much higher in the tissues than even in the venous blood, and 
there must be a continual flow of 00 ^ from tissues to lymph, 
and from lymph to blood-plasma. 

We have seen above that the taking up of oxygen by 
the blood in the lungs can be explained on purely physical 
grounds, since the tension of oxygen in the alveoli is suffi¬ 
cient to cause almost complete saturation of the haemoglobin. 
Our experimental data however do not yet suffice to show 
that the physical conditions at work account for the giving 
off of GO2 to the air in the alveoh. In order that this might 
happen by a mere process of gaseous diffusion, the foUowing 
conditions must be present. 

The tension of the carbon dioxide in the pulmonary 
alveoli must always be less than that in the blood. If this 
be BO, the blood in its passage through the pulmonary capil¬ 
laries will give off CO3 to the alveolar air, and the CO3 tension 
in the blood will be diminished. But this discharge of OOg 
can never go on to such an extent that the CO3 tension in the 
blood should fall below that in the alveolar air; for if this 
were the case there would be at once a retrograde movement 
of the CO2, which would then pass from the alveolar air 
back to the blood. Thus the COg tension in the blood of 
the pulmonary vein can never be less than that of the 
alveolar air. 

The experimental mvestigation of this question is not 
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entirely satisfactory. According to Pflnger and Pidd^ricq, 
the output of carbon dioxide as well as the intake of oxygen 
in the lungs can be accounted for by simple processes of 
diffusion. The basis for this statement lies m the determi¬ 
nation by aerotonometric methods of the tensions of oxygen 
and 00^ m venous blood, m arterial blood, and m alveolar 
air. The average results obtamed by these methods are as 
follows; 


Arterial blood 
VenouB blood 
Alveolar nii 


2 8 pel cent 
6 6—5 4 pel cent 
2 8 per cent. 


from dog ^ 


It would seem from these figures that the interchange of 
gases in the lungs was practically complete, and such a result 
is not surprising when we consider that the surface area of 
blood exposed m the alveoli of the lungs amounts to 2,000 
square feet, every blood-corpuscle being practically exposed 
on two sides to the alveolar air. 


Objections Lave howevei been laised to these results. It has been pointed 
out that the tension of oxygen m the blood, even in the arteries, must be con¬ 
stantly and rapidly diminishing as the blood leaves the lungs, while the tension 
of GO^ must inciease m a like manner, although to a less degree, smce it 
IS found that any delay m the pumpmg of the gases out of the blood leads 
to a diminution of total osygen and to an inciease of CO^ This slight loss 
of oxygen, m consequence of processes of oxidation going on m the blood 
itself, would cause a considerable change m the oxygen tension, and must 
therefore diimmsh the value of the results obtamed by the a^rotonometei. In 
order to avoid this souice of fallacy, Haldane has devised a method of deter- 
mmmg the oxygen tension of the blood in the lungs, founded on the use of 
carbon monoxide. 

It has olieady been mentioned that carbon monoxide has the power of 
displacmg oxygen from oxyhoemoglobm to form a much moie stable com¬ 
pound, carboxyhflsmoglobm If blood be shaken up with a mixture of oxygen 
and ooibon monoxide, the hsemoglobm distributes itself between the two 
gases In older howevei to get an equal distiibution, it is necessary lo take 
a very small percentage of caabon monoxide, owmg to its greater avidity lor 
hiemoglobm Thus il haimoglobm solution be shaken up with an contaimng 
0 07 per cent of 00, the result is a mixture of equal parts of oxy- and caib- 
oxyhjBmoglobm The affimty of GO for hsamoglobm would thus appeal to 
21 

be about = 300 times the affinity of oxygen for hsemoglobin 

Oorbon monoxide however is not destroyed m the body, so that if a mixtuie 
oontaming a small proportion of 00 be breathed, this gas will be taken up until 
a certom percentage of htsmoglobm is converted mto CO hoamoglobm and the 


^ The dog m these experiments was ouiansed, and artihoial respiration was 
employed On this account the amounts of OOj m the expired air and in the 
blood weie leduced below normal. 
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tension^ oi 00 m the tisanes and fluids of the body is equal to that of the 
inspired air. The amount of hflamoglobm therefore, whioh is converted mto 
oarboxyhsamoglobin, will serve as a measure of the relative tensions of 00 
and oxygen m the lungs. If the oxygen tension of arterial blood were the same 
as that of air, we should expect that, with a given percentage of 00 m the air 
breathed, the final saturation with CO of the blood within the body would be the 
same as the saturation of blood when shaken outside the body with air con¬ 
taining the same percentage of 00 as m the air breathed It was found by 
Haldane however that m all cases the percentage of 00 haamoglobm formed was 
much less m the body than outside the body. Thus in blood shaken up with 
air oontammg 20 9 per cent oxygen and 0‘04;6 per cent CO, the amount of 
carbon monoxide formed was 31 per cent of the whole heemoglobm When 
the same mixture was inhaled for three or four hours by a man, the percentage 
of 00 haamoglobin in his blood rose only to 26 per cent, at which ^figure it 
remamed stationary. This would correspond to an oxygen tension of about 
26 per cent, of an atmosphere, whereas we have already seen that the oxygen 
tension in the alveoh cannot be greater than 16 per cent. Hence it would appear 
that the epithehal cells of the alveoh play an active part m the respiratory inter¬ 
change, taking up the oxygen on one side at a tension of 16 per cent and pilmg it 
up on the other until the pressure m the blood is double that m the alveolar air. 

Theoretically there is no reason to deny the possibility of such powers to the 
pulmonary epithehum We know that the secreting cells of the kidney take up 
urea from the blood which oontams only about 0 06 per cent of this substance 
and excrete it mto the renal tubule, into a medium containing about 2 per cent , 
and if the data given by Haldane are correct, we must ascribe an analogous 
function to the pulmonary epithehum These data however were obtained by 
a colonmetrio method working with very rrunnte quantities of blood, and m 
the absence of further control experiments the question must be regarded as 
undecided. 

I have already mentioned that part of the carbon dioxide 
in the blood is m combination with the red blood-corpiiBcles. 
A solution of hsemoglobin is also found to have a power of 
combining with CO, to form a loose chemical compound. It 
IS thought by some that this carbon dioxide hsBmoglobin acts 
as a carrier of CO, between the plasma and the alveolar air, 
and that, under the influence of the oxygen of the alveolar 
air, the CO, is expelled from the corpuscles, causing a sudden 
rise of CO, tension in the plasma, and therefore a discharge 
of this gas into the alveoli. 


26 
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Section S 

THE EEGULATION OF RESPIRATION 

For the normal carrying out of respiration a complicated 
series of co-ordinated movements is necessary. And this 
is not all. The respiratory movements must be adjusted m 
rhythm and strength to the varying needs of the organism. 
When the animal is performing active work, when the muscles 
of the body are contracting vigorously and producmg laige 
quantities of carbon dioxide, the respiratory movements must 
be also quickened and deepened in order to provide for the 
due aeration of the blood, and the discharge of the excess of 
carbon dioxide produced. 

This co-ordination of the activities of the respiratory 
muscles and their adaptation to the varymg needs of the 
organism are brought about through the agency of the 
nervous system, and in particular by a circumscribed portion 
situated in the medulla oblongata. 

If a section be made just above the pons dividmg the brain 
from the lower parts of the central nervous system, it will 
be observed that the respiratory movements go on normally. 

If another section be made at the lower border of the 
medulla, the diaphragm and ribs will be motionless, but 
respiratory movements may be still observed to take place in 
the facial muscles and larynx. These experiments show that 
the part of the nervous system presidmg over the movements 
of respiration is situated somewhere between the two sections. 
This ‘ centre ’ can be localised still more exactly. Injury to a 
small portion of the medulla in the immediate neighbourhood 
of the nuclei of the vagus nerves, and just below the Vaso¬ 
motor centre, causes total cessation of respiratory movements 
and death of the animal. Hence this part of the nervous 
system was called by Flourens, its discoverer, the nceud 
vital. 

In new-born animals a few abortive attempts at respua- 
tion are sometimes observed even after destruction of this 
centre ; and it is therefore supposed that theie are subsidiary 
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centres in the cord controlled and regulated by the centre in 
the medulla. This is true, since the anterior cornual cells, 
whence the motor fibres to the respiratory muscles arise, are 
situated all the way down the cord. But these are not 
respiratory centres, since respiration involves a co-ordination 
of the various motor centres. The spasmodic movements 
that may occur under the influence of strychnine or asphyxia 
after destruction of the medulla are not co-ordinated, inspira¬ 
tory and expiratory muscles contracting at irregular intervals 
and in many cases simultaneously. 

The question now arises whether the activity of this 
centre in the medulla may be regarded as automatic or 
reflex: that is to say, do the rhythmic discharges proceed¬ 
ing from it depend merely on local changes taking place in 
the centre, induced perhaps by changes in the surrounding 
lymph or blood, or on a rhythmic or continuous excitation of 
the centre by stimulation of some afferent nerve? If the 
vagus nerves be cut and the spinal cord divided just below 
the medulla, respiratory movements of the alas nasi are seen 
to continue and to grow more pronounced as the blood 
becomes venous in consequence of the cutting off of the chief 
respnatory muscles from the medullary centre. 

A still more thorough isolation of the centre has been 
accomplished by dividing the vagi, cutting through the upper 
part of the medulla and through the cord at the first dorsal 
nerve, and then dividing all the cervical posterior roots. In 
this case movements of the diaphragm still continued, but 
consisted simply in a series of prolonged spasms, at first 
about two to four per minute and gradually gettmg less fre¬ 
quent till the animal died. We might argue from this that 
the centre was capable of a very imperfect degree of auto¬ 
matic action, but needed the stimulus of afferent impulses from 
the vagi or from the higher parts of the brain to render these 
actions adequate for the respiratory needs of the organism. 

In the above experiment the oentre cannot be regarded as free from all 
afferent stimuli, since the meie olosare of the demaroation ouiient in the out 
ends of the nerves would cause a certain amount of excitation, and the animal 
does not suivive sufliciently long to allow this condition to pass off Henng 
has shown tlvit in the ‘ spinal cord frog’ (le one m which the biam has been 
destioyed) section of all the posteiioi loots absolutely destroys all mobility, the 
injection of stiychnme being without effect. A typical spasm however can be 
at once produced by exposing and stimulatmg the stump of one of the cut 
postonoL roots We might suppose that the lespiratory oentie would be 
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Bumlaily devoid of automatism if absolutely free from affeient stimuli.’ It can 
be sb-own however that the centre tends to lespond to all stimuli, oontmuous 
or rhythmic, by means of rhythmic discharges 

Whether or no we accept as proved the possible auto¬ 
matism of the centre, there is no doubt that the activity of 
the centre is intimately dependent on its local chemical state 
or environment. 

If, the nervous centres being intact, the proper aeration 
of the respiratory centre be mterfered with in any way, as by 
obstruction of the respiratory passages, or by perforation of 
both pleurae, or by ligature of all the arteries to the brain, or 
by extensive loss of blood, the respiratory movements increase 
m strength and frequency, and if the disturbmg factor be not 
removed the animal dies, presenting a train of phenomena 
■which are classified together under the term ‘ asiihyxia.’ 

The phenomena of asphyxia may be divided into three 
stages 

(1) In the first stage, that of hyperpnoea, the respiratory 
movements are increased in amplitude and m rhythm. This 
mcrease affects at first both inspiratory and expiratory 
muscles. Gradually the force of the expiratory movements 
becomes increased out of all proportion to the inspiratory, 
and the first stage merges into: 

( 2 ) The second, which consists of expiratory convulsions, 
in which almost every muscle of the body may be involved. 
Just at the end of the first stage consciousness is lost, and 
almost immediately after the loss of consciousness we may 
observe a number of phenomena extending to almost all the 
functions of the body, some of which have been already 
studied Thus at this time the vasomotor centre is excited, 
causing universal vascular constriction. Theie is often also 
secretion of saliva, inhibition or increase of mtestinal move¬ 
ments, constriction of the pupil, and so on. 

(3) At the end of the second minute after the stoppage 
of the aeration of the blood, the expiratory convulsions cease 
almost suddenly, and give way to slow deep inspirations. 
With each inspiratory sx:)aBm the animal stretches itself out. 

’ Accoidmg to Sheinngton, it is possible to excite stiychniBe oi asphyxia 
tjpasms in a dog oi cat with isolated spinal ooid, m which all the afferent loots 
below the tiansection have been divided six oi seven houis pieviously These 
expeiiments appear to indicate that m the mammal the motor nervous 
mechanisms can be set into activity apart from the incidence of affeient 
impressions. 
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and opens its mouth widely as if gasping for breath. The 
whole stage is one of exhaustion; the pupils dilate widely, 
and all reflexes are abolished. The pauses between the 
inspirations become longer and longer, until at the end of four 
or five minutes the animal takes its last breath. 

Somewhat similar movements of respiiation, but on a 
smaller scale, may be produced by increasing the activity of 
the centre, and therefore its gaseous mteichanges, by waim- 
ing the blood m the carotid arteries on its way to the brain. 
Under these circumstances there may be a considerable 
quickening of respiration unaccompanied by any deepenmg, 
which is often spoken of as tachypnoea. On the other hand, 
we may slow the respiratory movements by placing a small 
piece of ice on the floor of the fourth ventricle. 

In the production of the phenomena of asphyxia two 
factors must be at work. In the first place there is an 
accumulation of carbon dioxide in the blood bathing the 
centre or an increased tension of this gas in the centres 
themselves, either as a result of deficient excietion or 
increased production. On the other hand, the centre is 
deprived of oxygen, either by failure of renewal of the oxygen 
supply, or by increased usmg up of this gas in the metabol¬ 
ism of the centre. The question arises. Which of these two 
changes is responsible for the different physiological events 
which characterise asphyxia? At various times these 
phenomena have been ascribed either to the increased 
tension of 00^ or to the diminished tension of oxygen in the 
centre. As a matter of fact, both factors are at work, and we 
must now proceed to discuss the exact part played by each. 
In order to investigate this pomt we may trj the effect on the 
respiratory movements of altermg the tension of these two 
gases in the air breathed. The results of such experiments 
are very strikmg. It is found that even a shght increase in 
the percentage of COg in the air causes an increase first m 
the depth and later on m the rhythm of respiration. This is 
well shown in the following Table by Haldane, which repre¬ 
sents the average depth and frequency of the lespirations 
when the subject was breathing normal air and air charged 
with varying percentages of COj. It is seen that a rise of 
CO 2 in the atmosphere to 2 per cent, increases the depth of 
respirations by 30 per cent, and the total alveolar ventilation 
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by 60 per cent. A rise of COg to 8 per cent increases the 
total ventilation of the alveoli by 126 per cent. An amount 
of CO 2 equivalent to 6 per cent, increases the depth of each 
respiration by 272 per cent., and the total alveolar ventilation 
by 757 per cent. 


Peroeoitage 00. 
In Inapir^ Air 

Arerage depth 
of HeBpiratlonii 

Average 
frequenoy of 
Respirations 
per Minute 

Ventilation of Alveoli 
with Inspired Air, 
(Normal =100) 

OOu Percentage 
In Alveolar Air 

0 04 

678 

14 

100 

6*0 




(C GO Ktres per min ) 


0 79 

739 

14 

116 

65 

2 02 

8G4 

16 

163 

66 

8 07 

1,216 

16 

22G 

65 

6*14 

1,771 

19 

498 

G2 

(5 02 

2,104 

27 

867 

66 


If we examine the last column of figures in this Table, 
representing the percentage of CO 2 in the alveolar air, it will 
be seen that, in spite of the very large variations in the air 
breathed, the alveolar content in 00^ remained practically 
constant until the CO^ in the atmosphere was increased to 
such an extent that the processes of compensation were no 
longer efdcient. We must conclude therefore that the 
respiratory centre is so arranged as to react to the slightest 
increase of 00^ tension in the blood, any increase in this 
gas giving at once a compensatory increase in depth and 
frequency of respiration, so that the alveolar GO 2 content may 
be maintained almost constant. 

That it is the tension of COg in the alveolar air, and 
therefore in the blood bathing the centres, and not the per¬ 
centage amount of this gas, which is the determining factor, 
is shown by a comparison of the composition of the alveolar 
air under different atmospheric pressures. Thus, when the 
subject of the experiments, from which the above Table was 
derived, was placed in an air-chamber compressed to a 
pressure of 1,261 mm., the mean percentage of CO 2 in the 
alveolar air was 8*42, corresponding, however, to a tension of 
6*6 per cent, of an atmosphere, a figure almost identical with 
those given in the last column of the Table above. At the top 
of Ben Nevis, where the barometric pressure was 646 mm. the 
percentage of CO 2 in the alveolar air was 6-6, corresponding 
to a tension of 6*2 per cent, of an atmosphere, i,e. of 760 mm. 
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Thus the pressure of COj in alveolar aii’ remains practically 
constant mth widely varying limits of atmospheric pressure 
and with very different percentages of COj m the inspired 
air, showing that the reactions of the organism are directed 
so as to maintam, by alterations in the respiratory depth and 
rhythm, a constant tension of this gas in the alveoh. 

Very different are the phenomena observed on alteration 
of the partial pressure of oxygen. Here, within wide limits, 
the partial pressure of oxygen m the alveolar air is deter¬ 
mined by its pressure in the mspired air. Thus, if we take 
the same series of observations, with a pressure of 646 mm , 
the percentage of oxygen m the alveolar air was 13-19, 
corresponding to a tension of 10*4 per cent. At an atmo¬ 
spheric pressure of 755 mm. the percentage of oxygen in the 
alveolar air was 18*97, correspondmg to a tension of 18-06 
per cent. In air compressed to a pressure of 1,260 mm. the 
percentage of oxygen was 16*79, corresponding to a tension of 
26 8 per cent, of an atmosphere of 760 mm. The same sort 
of results are obtained by altering the percentage of oxygen 
in the air breathed. It is found that the oxygen tension or 
percentage in the inspired air con be lowered from its normal 
of 20-98 to 12 or 13 per cent, without altering in any way 
the depth or rhythm of respiration, and in fact without any 
change bemg noticed by the mdividual who is the subject 
of the experiment. A percentage of 13 per cent, of oxygen 
corresponds to an alveolar content in oxygen of 8 per cent., 
and with a further reduction of the oxygen content there 
is mcreased pulmonary ventilation, but the diminution in 
oxygen may be pushed to such an extent that the patient 
becomes blue from the deficient aeration of his hsemoglobm, 
without any considerable distress being caused. In fact, in 
many cases, the subject of such an experiment may lose con¬ 
sciousness suddenly, before he has been aware of any serious 
deficiency in his aeration. We must conclude, therefore, that 
the respiratory centre possesses a specific excitabihty for 
carbon dioxide, and that it is by this specific excitability that 
the normal depth and rhythm of the respiratory movements 
are determined. The uses of such an excitability to the 
orgamsm are obvious. 

We may take as an example the changes in respiration 
which occur m an animal as the result of muscular exercise. 
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Under normal cuxumstances any changes in the amount of 
oxygen in the am bieathed will be of the rarest possible 
occurrence. As the result of muscular exercise a large 
amount of carbon dioxide is produced in the muscles. The 
venous blood passing from the muscles to the lungs will 
therefore be more highly charged with this gas, and a rapid 
rise in the alveolar CO^ pressure, and therefore in the arterial 
GO 2 piesBure, wiU be occasioned. The respiratory centre is 
thus stimulated to mcreased activity, with consequent lower¬ 
ing of the alveolar CO^ pressure, until a pomt is reached at 
which an equihbnuin is mamtained between the effect of the 
increased production of COj m raismg the arterial COg pressure 
and that of the mcreased respiratory activity m lowering it. 

in oertam expenmentB by Zuntz and Geppert on the oauBation of the 
inci eased respiratory movementB during muBonlfir exercise, these observers 
found that the movements weie moieased to such an extent as to bring the 
amount of 00 ^ in the artenol blood below the normal In these experiments, 
however, the muscular contractions were not produced by normal exercise, but 
were obtamed by tetanismg thiough the spmal cord the lower limbs of an 
animal XJndei these onoumBtonoeB, the activity of the muscle would be 
associated with a diminished blood-flow, so that the oontraotions would be earned 
out m the absence of a snffloient amount of oxygen As we have seen earher 
in dealing with the metabolism of muscle, m the absence of sui^oient oxygen, 
muscular conttaotions result m the pioduotion, not of CO2, but of lactic acid, 
and it is highly piobable that, in the experiments m question, theie was a 
discharge of acid substances into the blood, dimimshing the alkalimty of this 
fluid and therefoie lowering its carrying power foi OOg As a matter of foot, 
one oan pioduoe dyspnoea by dimimshing the alkalinity of the blood by the 
injection of acids, and attacks of dyspnoea are observed m the latei stages of 
diabetes, when the alkalinity of the blood is decreased m consequence of the 
enormous production of such bodies as oxybutyiio acid. A diminished carry¬ 
ing power of the blood for CO, will neoessanly raise the tension of this gas in 
the tissues where it is formed, and a dinumshed alkalmity of the blood will 
therefore tend to cause a higher tension of COg around the respiiatory centre 
It IS probable that when muscular exercise is earned to exhaustion, this 
dimmishmg of alkalinity of the blood also plays its port in the hyperpneea and 
dyspnesa, but m eveiy case the determinmg factor seems to be the mcreased 
tension of the OOg m the lespuatoiy centre itself We must therefore oon- 
olude that the depth and rhythm of lespiration—that is, the legulation of the 
rate of alveolar ventilation and of respiration—depend under normal conditions 
on the OQ3 piesame in the lespnatoiy centre This part of the central nervous 
system has developed a specific sensibility for COg, a rise of 0’2 pei cent of 
an atmosphere in the tension of this gas m the olveoh, and therefore m the 
arteiial blood, being suflS-Oient to double the amount of sJveolar ventilation 
durmg lest 

It IB only the first phase m the phenomena of asphyxia which is thus 
conditioned by the ohanges m the CO 3 tension. The lespiratory centre shares 
with the rest of the central nervous system a sensitiveness to the absence of 
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.. /^3 n, depnvation of oxygen having first an excitatory and later a paralytic 
eot In asphyxia the first oenties to feel this effect are those of the cortex, 
d during the first stage there is mental excitation terminating rapidly 
abohtion of oonsoiousness at the end of this stage. During the second stage 
here is a discharge of energy, which spreads throughout the whole nervous 
system, beginning m the bulbar centi'es and causing a gieat rise of blood 
pressure with slowing of the heart, and extending thence to aU the spinal 
centres with the production of muscular spasms At this stage, too, there is a 
diBchaige of unpulsea giving contraction of the pupil, and a little later dis¬ 
charge along the whole sympathetic system produomg the various phenomena 
of vaso-oonstriction, election of hairs, sweating, sahvation, which are generally 
biought about by stimulation of diffeient parts of this system. The phenomena 
of the third stage aie due to a gradual exhaustion of the nerve'-centres, accom¬ 
panied or preceded by an exhaustion and dilatation of the heaiit, the circulation 
faihng before tbe exoitation of the lower centres has entirely come to an end 
In this third stage, however, it is impossible by the strongest stimuli to evoke 
any refiex, and tbe general phenomena are those of exhaustion. 

Although we must regard the specific sensibility of the 
respiratory centre to COg as the most Impoitant factor m 
determining the depth and rhythm of the respiratory move¬ 
ments, these movements and the condition of the resjpiratory 
centre itself are modified in a large degree by impulses arriv- 
mg at the centre along both vagi. Through other sensory 
nerves of the body the respnatory movements can be altered 
reflexly, but it is only through the vagi that a continuous 
stream of impulses passes to the centre under normal circum¬ 
stances, so that every respiratory movement is modified by 
these impulses. 

Eiq. 194 



Normal tiacmg of diaphragm slip (Hoad’s method) 

In studying tbe neivous meobonism of lespimtion, it is necessary to have 
some accurate method of lecording the lespiratory movements. They may be 
registeied by means of a tambom applied to the chest, communicating with 
anothei tamboui provided with a level, which is arranged to wiite on a 
blackened suiface, oi a side tube to a cannula m the tiacbea maybe con¬ 
nected with the legistering tambour In the hist case, movements of the 
thoiax aie legisteied, m the second, changes of mtia-pulraonoryj pressure 
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hese methods are obviously useless when it is wished to study the effects of 
rtldoial distension or ooUapse of the lungs. In this instance we may use the 
igenious method descnhed by Head In the rabbit a shp of the diaphragm 
n either side of the ensifonn cartilage is so disposed that the end of it may be 
•eed and attached by a thread to a lever without injury to its blood- or nerve- 
npply It IB found that this slip oontraots synchionoualy with the rest of the 
laphragm, so that it serves as a sample of the diaphragmi the oontraotions of 
hich may be recorded uninfluenced by passive movements of the chest-wall or 
rtifloial increase of intra-pulmonary pressare. 

If, while the respiratory movements are being recorded 
n one of the aforementioned ways, both vagi be divided, ‘ a 
narked change in the respiratory rhythm is at once seen 


Fio. 196. 



Tracings of respiratory movements—A Normal B After 
division of one vagus. 0 After section of both vagi I) 
Both vagi cut. The central end of one vagus stimulated 
with weak induced current at Bxo 


Lower hne = time-maiking, mdioatmg seconds. (From 
Waller) 


(Fag. 196). The first effect is an increased inspiratory tonus, 
but this rapidly disappears, and the respiratory movements 


^ The division of the vagi is best effected by puttmg them on a hooked 
copper wire, of which the upper end is mserted in a freezing mixture. In 
this way complete functional division of the nerves is obtained without any 
excitation. If the nerves be out, a certain amount of stimulation takes place 
m consequence of the olosuie of the demarcation current produced by the 
cross-seotion. 
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become less frequent and are mcreased in amplitude. If now 
the central end of one of the vagi be stimulated with an 
interrupted current, the respiration may be quickened (as in 
the experiment repiesented m Fig. 195), oi, as is more 
commonly the case, the inspiratory movements may be 
increased at the expense of the expiratory, so that finally 
a condition of inspiratory standstill is produced, and the slip 
of the diaphragm enters into prolonged contraction. 

With a very weak stimulus it is sometimes possible to 
produce augmentation of the expiratory movements or rather 
inhibition of the inspiratory, and this is the invariable result 
of passage of a constant current through the vagus m an 
ascendmg direction.^ This effect however may be more 
strikingly brought about by stimulation of the central end 
of the superior laryngeal nerve. Excitation of this nerve pro¬ 
duces first an inhibition of mspiration, so that the respiratory 
muscles come to a standstill in the position of expiration, and 
then a forcible contraction of the expiratory muscles takes 
place This illustration of the presence of expiratory fibres 
in the superior laryngeal nerve is not confined to laboratory 
experience, but is constantly occurring m everyday life 
The superior laryngeal nerve supplies sensory fibres to the 
mucous membrane of the glottis, and we know that the 
slightest irritation of these fibres—the presence of a crumb 
or a particle of mucus—causes forcible expiratory spasms, 
with spasmodic closure of the glottis, which we term a 
cough ^ 

So we see that the vagus nerve contains two kmds of 
afferent fibres, or at any rate afferent fibres with two distinct 
fmictions. Stimulation of the one kind stops inspiration and 
produces expnation; stimulation of the other stops expiration 
and produces inspiration. 

Smce section of both vagi causes slowing of respiration, it 
is evident that, under normal encumstances, impulses which 
exert some influence on the respiratory centre and quicken 
respiration, must travel up the vagi from the lungs. The 

’ It must not be imagined that the fibres of the superior loiyngeal nerves 
are concerned in the reflex maintenance of the normal respiratory rhythm 
They are cited here merely because the lesult of then stimulation lesemhles 
that which would be caused by stimulation of the analogous expiratory fibres 
which run in the tiunk of the vagus from the luTigs to the respiiatoiy centie 



412 


PHYSIOLOaY 


respiratory movenients cause an alternate distension and 
contraction of the lungs, and it has long been thought that 
it IB these changes in the volume of the lungs which start the 
accelerating impulses that travel up the vagus nerves. To 
test the truth of this hypothesis it is necessary to study the 
two phases of respiration separately; that is, to see first the 
result on the respiratory impulses of repeated distension of 
the lungs, and secondly the result of a sudden collapse or a 
contraction caused by sucking air out of the lungs. The first 
mode of experiment, when air is driven repeatedly into the 
lungs, is spoken of as positive ventilation; and the second, 
when air is sucked repeatedly out of the lungs, as negatwe 
ventilation. In these experiments it is advantageous to 
employ Head’s method of registermg the diaphragmatic 
movements. If, in a rabbit breathing qmetly, an be 


Pofl. yentUatlou 


Diaphragm 
3 eoonda 

Positive ventilation (Head). Under the influence of positive 
ventilation, the inspiratory oontrootions of the diaphragm 
become less and less tiU they disappear completely 


Pig 196 



repeatedly blown into the Innga, the inspiratory movements, 
as evidenced by the contraction of the diaphragm, are 
gradually knoched down, till finally the animal is in a con¬ 
dition in which no inspiratory movements whatever are made 
(Fig. 196); or the diaphragmatic standstill may be followed 
by a strong contraction of the expiratory muscles. Thus 
distension of the lungs has the same effect as stimulation of 
the superior laryngeal nerve in stopping mspiration and pro¬ 
ducing expiration. 

If, on the other hand, air be sucked out of the lungs at 
regular intervals (negative ventilation), the movements of the 
diaphragm are amplified, and it does not relax completely 
after each individual respiration. The relaxation becomes 
more and more incomplete, until finally the diaphragm enters 
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into a condition of continued contraction, whicli may last for 
several seconds (Fig. 197). Thus collapse of the lung inhibits 
expiration and augments mspiration. 

The effects of distension or collapse of the lung may be 
still more readily shown by simply closing the trachea at the 
end of mspiration or of expiration. The results of such an 
experiment are shown in Fig. 198. 

These experiments throw complete hght on the quickenmg 
action of the vagus on respiration. Normal respiration is a 
series of reflex acts. Each mspiratory movement causes an 
expansion of the lung, which in its turn stimulates the vagus 
nerve-endings, inhibiting the movement which has given rise 

P:o. 197 

Neg. 
VQUtUa- 
t'on 

Dia¬ 
phragm 


Negative ventilation (Head). At a negative ventilation was 
commenced The expiratory relaxation of the diaphragm is 
seen to become more and more mcomplete, until it &ially 
enteiB into contmued contraction. 

to the stimulus, and causing the ensuing expiratory movement. 
The collapse of the lung attendmg expiration acts like the 
negative ventilation m the experiment above mentioned in 
stimulatmg the mspiratory nerve-endings of the vagus ; and 
the impulse thus produced acting on the medullary centre 
checks the expiratory and hurries on the inspiratoiy move¬ 
ment. In this way, under normal circumstances, the rhythm 
of the respiratory centre is determined reflexly through the 
agency of the vagi, while the chief factor in determining the 
total pulmonary ventilation, the depth of the movements, 
is the COa tension of the blood 

In the foiegomg account we have spoken of the expiTatoi 7 and inspiiatoiy 
effects of the vagus as if they weie of equal impoitance. It seems piobable 
howevei that the mhibitoiy oi expiiatory impulses started by tho mspiiatoiy 
mo\ement, the only active pait of normal lespiiation, play a moic piominent 
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part in the regulation of respiiation than do the inspiratory impulses; and 
one observer (Gad) goes so far as to deny altogether the existence of two kinds 
of resputiitoiy fibres m the vagus Aoooiding to Gad, the vagus, as regaida the 
lespiifttory centre, is a puiely inhibitory nerve. Hence the primary effect of 
dividing both vagi is an inoieased inspuatory tone This view at first seems 
paradoxical, m that it explains the final slowmg of respiration after section of 
the vagi as due to the outbmg off of previous inhibitory impulses But inhibi¬ 
tion m all tissues has a twofold effect Although the immediate effect is 
dimmution of activity, yet the diminished dismtegrahon necessarily a^sooiated 
with dmnmshed a’otmty means an meicase of the anaboho at the expense of 
the katftboho processes of the tissues In this way we explained the dimmished 
excitabihty oocumng in a neive at the anode of a constant current, and it will 

Pig 198 



ESects of distension—collapse of lung Both onryes are described 
by a lover attached to a shp of the diaphiagm of a i abb it A 
contiootion of the diaphiagm (inspiiation) raises the lever, during 
relaxation of the diaphragm the lever falls 
III A, the tittcliea is closed at ac, the height of inspiiation, a pause 
follows, duiing which the level gradually sinks until an inspira¬ 
tion (a very powerful one) seta m 

In B, the tiachea is closed at the end of expiration, x , there follow 
powoiful inspnations (Prom Foster) 

be lemembeied that the secondary lesult of aneleotrotonus was increased 
irritability and consequent excitation at bieak of the constant current The 
same sort of process must oocm* in the respiratoiy centre A contmued 
restraint of its ihythmic activity must lead to a heapmg up of its imtable 
mateiial, so that the final result is a state of hypeiexcitability in which the 
ceutie, so to speak, boils ovei on the slightest provocation 

In this condition a cutting off of the inhibitoiy impulses must at fiiat 
mciease the activity of the ccntie leading to the mcieased mspnatoiy tonus 
aheady desciibed But unchecked by any leinmg impulses, the centie enteis 
upon a ooieei of spendthrift activity Each mspiratory oontiaction is maximal, 
but the centre, exhausted by the effort, has to wait a considerable tune before it 
cau accumulatG sufficient eneigy for the next, hence the final result of section 
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of both vagi is deepening and slowing of respiration In the normal state we 
must imagine that the fnnotion of the vagus is to increase the exoitahility of 
the respiratory centre, and so make it more susoeptible to slight changes m 
the OO 2 tension of the blood 

Although Gad has rendered great service in emphasismg the importance of 
the inhibitory or expnatory impulses which ascend the vagi, there is no doubt 
that he went too far m denymg the existence of mspuiitory fibres m the vagus 
This IS shown by the following experiment of Head. Accoidmg to Gad’s view, 
collapse of both lungs imphes simply a removal of the normal inhibitory 
impulses asoendmg the vagi, and is therefore eqmvalent to division of these 
two nerves If m the rabbit the left vagus be divided, a tube can be mtroduoed 
mto the left bronchus and artificial respiiation can be performed by alter¬ 
nate inflation and collapse of the left lung, without in any way afleotmg the 
respiratory centre, all connections with the lattei being destioyed {v Fig 199) 


Fia. 199 



Diogiam to lUustiate Head’s experiment on the effect of coUapse 
of the lung R 0., respiratory centre , R V , L V , right and left 
vagi 


Meanwhile the animal carries out normal lespiiatoiy movements, which can be 
recorded by the diaphragm slip method While the shp is oontractmg regularly, 
the right pleura is opened and the right lung allowed to collapse. The effect of 
this collapse carried up by the light vagus to the centre is on extieme contrac¬ 
tion of the diaphragm, and since the onset of asphyxia is pi evented by the 
aihfioial respiration earned out on the left lung, the tome standstill of the 
diaphiagm may last ovei a minute In this case theiefore, the effect of collapse 
of one lung is enormously greater than that pioduced by section of both vagi, 
showmg that the effect is due, not to abolition of the oidinary tonic inhibitoiy 
stimuli, but to excitation of special inspiratory fibres in the vagus by the collapse 
of the lung 
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The important part played by the vagi m the regulation 
of normal respiration is shown still more strikingly if the 
respiratory centre m the medulla be separated from the higher 
parts of the brain before the section of the vagi is carried out. 
Separation of the medulla from the higher parts of the brain, 
as by a section just behind the corpora quadrigemina, has 
practically no influence on the respiratory rhythm. If now 
both vagi be divided, the normal respiratory movements cease 

200 



Different forms of apncea pioducecl by ventilation (Head) A Noimal 
tracing of diaplimgmatio slip, B Effect of •positive ventilation 
Standstill of diapbiogm m complete relaxation; 0 Effect of 
•iiegatvoe ventilation Standstill of diaphragm in a state of tonic 
contraction; D. Effect of combmed positive and negative ventila¬ 
tion. Cessation of movements, the diaphragm bemg m a state of 
moderate tone 

entirely, being replaced by a series of inspiratory spasms, 
each of which lasts several seconds and is followed by a pause 
of half to one minute duration. These spasms are inadequate 
for the proper oxygenation of the blood. They become gradu¬ 
ally less and less frequent, and the animal dies m about half 
an hour of asphyxia. We must conclude therefore that the 
respiratory centre with the help of the vagi is able to carry 
out normal respiratory movements. If both vagi are cut, 
impulses arrive at the centre fiom the higher parts of the 
brain regulatmg its activity, and enablmg it to carry out 
modified but sufiQcient respnatory movements. Eemoved 
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from both these sources of afferent impulses, the centre dis¬ 
charges only a senes of spasms which are totally inadequate 
for the renewal of the blood gases, so that the animal dies. 

We may summarise these results as follows: 

Eespiratory centre with vagi—normal respiration. 

Respiratory centre with bram—modified respiration. 

Eespiratory centre alone—inadequate spasmodic contrac¬ 
tions of respiratory muscles, and death of animal. ^ , 

Apncea, —If positive and negative ventilation be used 
together, so that air is blown into and sucked out of the 
lungs at a rate quicker than the animars respiratory rhythm, ‘ 
both mspuatory and expiratory processes are inhibited, and i* 
a standstill of respiration ensues. This condition is called 
apnoea. It has been thought to be chiefly reflex in origin, m ' ^ 

consequence of the fact that an apnoeic pause may be observed ' 
after artificial respiration for a short tune with inert gases, 
such as hydrogen or nitrogen. The pause however does not 
last so long as when air or oxygen is employed, smee in the 
former case the blood becomes so venous that the stimulation 
of the centre thereby produced overcomes the effects of the 
reflex inhibition, and a violent mspiratory movement ensues. 

One factor that has not been sufficiently allowed for in 
these ventilation experiments is the effect that rapid ventila¬ 
tion with any gas will have in reducing the 00^ tension in the 
blood circulatmg round the pulmonary alveoli, and therefore 
round the respiratory centre. The respiratory centre has a 
specific sensibility to COg, while it shares with the rest of the 
medulla and cord the susceptibility to absence of oxygen. 

Hence any change in the amount of COg m the air breathed 
(irrespective of changes in the oxygen) produces correspond¬ 
ing changes in the respiratory rhythm. If for iustance a man 
be made to breathe a mixture of oxygen, mtrogen, and OOg, 
containing the ordinary percentage of oxygen (21 per cent.), 
but 2 or 3 per cent, of 00^, he experiences a feehng of breath¬ 
lessness, and objectively the respuatory movements are in¬ 
creased in rhythm and extent (hyperpnoaa) so as to keep the 
COj tension in the alveolar air, and therefore in the blood, at 
its normal pomt. If the CO 2 content be increased to about 
4*5 per cent., it is impossible to produce an apnoeic pause, 
however lapidly the respiratory movements be cairied out. 

It would seem, therefore, that ordmary apnoea is entirely due 

27 
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to deficiency of COj tension in the respiratory centre, and 
that! although the vagus nerve is inhibitory of respiration, it 
IS impossible to summate a series of vagus mhibitions by 
artificial respiration so as to produce a lasting cessation of 
respiratory movements. The chief use of the vagi, in fact, m 
respiration seems to be for maiutaming by frequent inhibitions 
the excitability of the respiratory centre at a maximum. 

We have seen that if a man breathe a mix’tm'e of nitrogen 
and oxygen free from COj, and the oxygen be gradually 
diminished, no feeling of ‘ mut of breath ’ may be experienced. 
Eespiration is often practically unaltered, although the 
deficient oxygenation of the blood may be shown by the 
blueness of the lips and face. In certain cases great oxygen 
deficiency excites the respiratory centre, but m many cases 
no ill effects may be felt by the subject before he suddenly 
becomes unconscious from lack of oxygen. Immediately 
following this loss of consciousness may come the convulsive 
phenomenon of asphyxia. 

From the lack of any mechanism m the respiratory 
centre to respond to mmute changes m the oxygen tension of 
the Burroundmg atmosphere, it follows that any diminution 
in oxygen tension (as by change of altitude) must cause a 
corresponding diminution m the degree of saturation of the 
hasmoglobin of the blood with oxygen. This change m 
oxygen saturation is at once felt by the blood-formmg organs; 
so that a change of habitation from a low-lying to a mountain 
district is followed by an mcreased production of blood coi- 
puscles, until the oxygen carrying capacity of the blood is thq 
same at the lower oxygen tension as it was previously at the 
higher oxygen tension of the plams. 

Brcnicho-^iiotoi funcUoiis of the vagus —The unstiiated musculai fibres, 
wliioh foim a prominent element m the walls of the bionchioles, leceive libies 
fiom the vagi which are efferent m function If positive ventilation undei a 
constant pressure be maintamed m an animal and the exclusions of the chest- 
wall lecoided, a perfectly regulaa seiies of movements, are obtained, which seiie 
as a measure of the expansion of the lungs under each inspiratoiy bUst of an 
If now the peiipherai ends of both vagi be stimulated, the excmsions of the 
lever at once are diminished m extent, showmg that the air does not enter and 
expand the lungs with its former freedom The vagi m fact are the motoi 
nerves to the bronchial muscle Stimulation of these nerves theiefore causes 
occlusion of the amallei air-tubea and dunuushed entry of air into the lungs 
The attacks of dyspnoea which characterise asthma aie due to spasmodic con- 
ti action of the bionchial muscle, probably in consequence of nhnoimal stimula¬ 
tion of the central origin of the vagi. 
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Changes in Composition of Air breathed 

The oxygen tension of the air can be considerably reduced 
without causing inconvenience. If however a mammal be 
exposed to air at a pressure of 300 mm. (corresponding to a 
partial oxygen pressure of 60 mm. Hg), it becomes dyspnoeic 
and dies of asphyxia. The experience obtained in balloon 
and mountain ascents is in complete harmony with the result 
of this experiment. Dyspnoea does not begin till a height of 
6,000 metres is reached, which corresponds to a mercurial 
pressure of 400 mm. Hg 

It is mteresting however to note that the extreme dyspnoea 
with which mountaineers are attacked at a height of about 
5,000 metres passes off after some time, and then they may 
pursue their way another 1,000 metres higher without any 
discomfoit (Whymper). In view of the results given on 
p. 394, it seems at first difficult to explam the deleterious 
effects of high altitudes or reduced oxygen pressures. It was 
there mentioned that even at a partial pressure of oxygen 
of 25 mm. Hg (corresponding to an atmospheric pressure of 
119*8 mm. Hg, or to a height above the sea of about 14,000 
metres), as much as 73*3 per cent, of the hromoglobin was con¬ 
verted mto oxyhsemoglobin, and yet dyspnoea is produced at a 
height of 6,000 metres, corresponding to a pressure of 368 mm. 
(75 mm. oxygen). We must remember however that an 
important factor in the respiratory exchanges is the rapidity 
of passage of oxygen from air to blood. The blood is con¬ 
stantly circulating through the lungs, and durmg the short 
time of its passage becomes nearly saturated with oxygen. 
The velocity of passage of oxygen across the epithelial 
membrane will vary directly as the difference of pressure on 
the two sides of the membrane. As this difference diminishes, 
the organism seeks to mcrease the velocity of passage by 
increasmg the area of lung surface, i e. by deepening of the 
respiratory movements. At the same time there is quicken¬ 
ing of the heart's action and increased velocity of blood-flow 
so as to mcrease the amount of oxygen carried by the blood 
in a given time. These processes of compensation however 
cannot go on indefinitely, and distress, which is chiefly cir¬ 
culatory m character, begms to be experienced when the limit 
of compensation is arrived at. This limit occurs in tiained men 
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at an atmospheric pressure of about 400 mm. Eg; and it is 
of course reached sooner if the respiratory needs of the 
organism are increased by severe muscular exercise (as in 
moxmtam climbing). The gradual accustoming to heights, 
•which is a common experience, is a complex phenomenon, 
due partly to training of respiratory and heart muscles, and 
partly to an increase of red corpuscles and haemoglobin con¬ 
tents of the blood. It is probable that the dwellers in mountain 
regions, such as the lofty South American plateaus of Potosi, 
Quito, etc., would he found to have a greater lung area per 
unit body weight than the dweUers on the plains. 

If the oxygen in the air supplied to an animal be reduced 
to 8 per cent., it rapidly dies of asphyxia with convulsions. 
Excess of carbon dioxide also proves fatal, but in a different 
manner. If an animal be placed in an atmosphere contain¬ 
ing 6 per cent, of GOj, after a stage of hyperpncea it gradu¬ 
ally becomes narcotised and dies without convulsions. CO^ is 
therefore looked upon as a narcotic poison. 

Gases such as nitrogen, hydrogen, and methane (CH,) 
are termed indifferent gases. They may be respired if mixed 
with 20 per cent, of oxygen, and either of the other gases 
may be used mstead of mtrogen to dilute the oxygen that we 
breathe, without harm or inconveiodenee. 

Carbon monoxide is rapidly poisonous by its action on the 
red corpuscles. It combmes ■with hsemoglobin, forming CO 
hssmoglobm, a eompoujid which is much more stable than 
oxyhffimoglobin. The blood is therefore deprived of its 
oxygen carrier, and the animal dies of asphyxia. We have 
seen however that the displacement of oxygen by CO is not 
absolute, but only relative. Hence, although the avidity of 
CO for hsamoglobin is 140 times that of oxygen, we can 
convert the CO back into oxyhssmoglobm by mcreasing the 
mass mhuence of the oxygen. This may be done by giving 
the poisoned animal pure oxygen to breathe, or even oxygen 
under pressure. In pure oxygen at a pressure of two atmo¬ 
spheres an ammal can breathe and live, even though the 
whole of its hesmoglobm is converted into CO haBmoglobin, 
the amount of oxygen which is simply dissolved by the blood- 
plasma being sufficient at this pressure for the respiratory 
needs of the animal. 

Other gases which have special poisonous properties are 
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hydrocyanic acid, sulphuretted hydrogen, phosphuretted 
hydrogen (PHg), arseniuretted hydrogen, etc. 

Irrespiralle gases are those which are so irritating that 
they produce spasm of the glottis. Such are ammonia, 
chlorine, sulphur dioxide, nitric oxide, and many others. 

Ventilation 

A point of practical importance is the securmg to each 
individual of sufficient fresh air, so that he may always have 
a plentiful supply of oxygen, and may be relieved of his 
waste products. It is found that a dwelling-room becomes 
unpleasant and stuffy when the percentage amount of CO 2 
has reached 0*1 per cent. This stuffiness is supposed to be 
due to organic exhalations from the skin, lungs, and alimen¬ 
tary canal, some of which have a poisonous effect, giving rise 
to headache and sleepiness. Since these cannot be measured, 
it is taken as a cardinal rule in ventilation that the amount 
of OO 3 should never rise above 0-1 per cent. An adult man 
gives off about 0-6 cubic foot of COg every hour. Hence in 
that time he raises the amount of CO 2 in 1,000 cubic feet of 
air from 0-04 per cent, (the normal amount in the atmosphere) 
to 0-1 per cent. He must therefore be supplied with 2,000 
cubic feet of air per hour m order to keep the amount of CO 2 
down to 0‘07 per cent. 

(Ordinary air contams 0*04 per cent. CO^, therefore 2,000 
cubic feet would contain 0 8 cubic foot CO 3 , which with the 
0*6 cubic foot given off by the man would be 1*4, which is 
0*07 per cent.) 

In order that the air may be easily renewed without 
giving rise to excessive draught, a certain amount of cubic 
space must be allotted to each man. Each adult should have 
in a room 1,000 cubic feet of space, and be supplied every 
hour with 2,000 to 3,000 cubic feet of air. 
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Section 4 

BFPECTS OE THE KBSPIBATOEY MOVEMENTS ON 
THE OIBGIJLATION 

The Pulmonary G'b't culation 

Although the maiutenance of the ciiculation through the 
lungs is the sole function of the right side of the heart, and 
so is of equal importance with the whole systemic circulation, 
yet owing to the simple features of this circulation it can be 
dealt with in a very short space. In the lungs we have an 
extensive system of wide capillaries presenting very little 
resistance to the flow of blood. The arterioles are also wide 
and have only a slight amount of muscular fibre in their walls, 
and we find therefore that the pressure necessary to drive the 
blood from right to left heart is also small. The determina¬ 
tion of the normal average pressure m the pulmonary artery 
presents considerable difficulties, but it probably does not 
exceed 25 mm. Hg, i.e, about one-sixth of the mean aortic 
pressure. 

The capillaries of the lunge may vary passively consider¬ 
ably in size according to the conditions under which they may 
be placed. Thus whereas at the height of mspnation the 
blood contained in the lungs is about of the whole blood 
in the body, this amount is dimmished during expiration to 
between and 3 ^, and by forcible artificial mflation of the 
lungs may be lessened to These changes, as we shall see 
later, exercise a considerable effect on the systemic blood- 
pressure and are largely responsible for the respiratory varia¬ 
tions observed m the systemic blood-pressure. 

On the other hand this distensibUity of the lung capillaiies 
may play an important part in enabling the lunge to act so to 
speak as a reservoir for the left side of the heart Any tem¬ 
porary excess of output on the right side that, m consequence 
of raised arterial pressure or other factor, cannot be dealt 
with at once by the left heart, is taken up for a time in the 
lung capillaries. 

y-aso-motor fibres to the lung vessels have been described 
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as runnmg in the anterior roots of the 3rd, 4th, and 6th dorsal 
nerves. Their action is however of little importance. 


The ItespiT<ito7'y Undulatio^is in the Systemic Blood 
Fresswe 

If we examine a tracing of the arterial blood-pressure, 
we notice that it presents certain periodic oscillations which 
accompany the movements of respiration. With each mspira- 
tion the blood-pressure rises ; with each expiration it falls. 
The synchromsm of the rise and fall with the respiratory 
movements is not exact, since the rise continues for a short 
time after the beginning of expiration, before it begins to fall, 
and the fall continues right into the beginning of the next 
mspiration, so that the highest point of the curve occurs at the 
begmnmg of expiration and the lowest point at the beginnmg 
of inspiration. During the fall which accompanies expira¬ 
tion, the heart-beats, as shown in the diagram (Fig. 201), 


Fig 201 


Jriaiai 

Bloodpre' 





Diagiiun of blood-preBsure curve, showing effects of the respuatoiy 
movements on blood-pressure and pulse-rate. 


become less frequent, and an obvious explanation of the fall 
of pressure would be to ascribe it to a reflex inhibition of the 
heart. On diyidmg both vagi, this difference in the pulse- 
rate during inspiration and expiration disappears, but the 
mam features of the blood-pressure curve remain the same ; 
so that we must loolt for some mechanical explanation of the 
respiratory undulations. 

We have already seen that under normal conditions the 
lunge are m a state of over-distension, and that in consequence 
of this condition they are constantly tending to collapse, and 
are therefore exerting a pull on the chest-wall. As soon as 
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we admit air into the pleural cavity by perforating the chest- 
wall, the lungs collapse. The force with which the lungs are 
normally trying to collapse amounts to 6 mm. Hg, so we 
say that in the pleural cavity there is normally a negative 
pressure of — 6 mm. Hg* 

As the chest expands in inspiration, it drags the lungs still 
more open. As these become more distended, their tendency 
to collapse becomes greater, and hence the negative pressure 
m the pleura may be mcreased during forcible mspiration to 
■—30 mm. Hg. 

It must be remembered that the heart and gi*eat veins and 
arteries are in the thorax only separated from the pleural 
cavity by a thin, yieldmg membrane, so that they are practi¬ 
cally exposed to any pressure, positive or negative, which may 
exist in the pleural cavity. 

Hence even at the end of expnation the heart and large 
vessels are subjected to a negative pressure of — 6 mm. Hg. 
Outside the thorax all the vessels are exposed to a positive 
pressure, conditioned in the neck by the elasticity of the 
tissues, and in the abdomen by the contractions of the dia¬ 
phragm and abdominal muscles. 

Now blood, like any other fluid, will always flow from a 
point of higher to a point of lower pressure. There must 
thus be a constant aspiration of blood from peripheral parts 
into the thoiax. This aspiratory force will however not 
influence arteries and veins alike. The arteries, having thick 
comparatively non-distensible walls, will be very little affected 
by the negative pressure obtaining in the thoiacic cavity, 
whereas the thm-walled distensible veins will be veiy largely 
influenced by the same factor. The total result then of the 
negative pressure in the pleural cavities is to increase the 
flow of blood from the vems into the heart, without affecting 
to any appreciable degree the outflow of blood from the heart 
into the arteries. The more pronounced the negative pres¬ 
sure in the thoiax, the greater will be the amount of blood 
sucked into the heart from the veins. Durmg mspiration 
therefore, the heart will be better supplied with blood than 
during expiration, and this factor m itself will tend to raise 
the arterial blood pressure. 

The mspiratory descent of the diaphragm will moreover 
tend to increase the inflow into the heart by raismg the 
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positive pressure in the abdomen, so that blood is pressed out 
of the abdominal veins and sucked into the heart and thoracic 
vems. 

Still more important is the influence of the respiratory 
movements on the circulation through the lungs. In trying 
to understand this influence, it must be remembered that the 
pulmonary capillaries lie m a certain amount of elastic and 
connective tissue, and are separated on the one side by the 
alveolar epithelium fi^om air at the ordmary atmospheric 
pressure, and on the other by the pleural endothelium from 
the pleural cavity, where the pressure varies from 6 to 
80 mm. Hg below the atmospheric pressure. We may there¬ 
fore consider the pulmonary capillaries as lymg between, 
and attached to, two concentric elastic bags, as represented 
in Fig. 202. Under normal conditions, since these bags are 
always tending to collapse, the inner one must be pulling 
away from the outer one, and the outer one from the chest- 
wall. Hence there must be a negative pressure in the 
tissues between these two bags—a negative pressure which in 
the expiratory condition will be somethmg between 0 and 

— 6 mm. Hg, and in the inspiratory condition between 0 and 

— 30 mm. Hg. If we regard the average pressure within 
the pulmonary capillaries as constant, these capillaries must 
be more dilated m the inspiratory than in the expnatory 
condition, as shown in the diagram (Fig. 203). Now this 
dilatation of the pulmonary capiUaries will have two effects. 
Then capacity will be mcreased and the resistance they 
present to the flow of blood will be diminished. 

Let us now consider what effect these changes will have 
on the general arterial blood-pressure. We will assume that 
during expiration (Fig. 202) the pulmonary vessels have a 
capacity of 25 c.c., and that the beat of the right heart is 
forcmg through them 10 c.c. of blood per second. So long as 
the chest remains in the expiratory condition, 10 c.c. of blood 
will be flowing into the left heart and mto the aorta, so that 
the systemic blood-pressure will remain constant. Now let 
us suppose that an inspiratory enlargement of the thorax 
takes place (Fig. 203). The negative pressure m the pleura 
is increased, the two walls of the lung are pulled farther away 
from one another, and there is a general enlargement of the 
pulmonary capillaries. We will assume that this enlarge- 



426 


PHYSIOLOGY 


ment mcreases the capacity of the pulmonary capillaries from 
25 to 30 c,c. Owing to this increased capacity, the first 6 c.c. 
of blood, which flows into the lungs after the begmmng of 
mspiration, will not flow out through the pulmonary vem, but 


Pig 202 



Diagiam to show condition of pidmonai^ vessels m expnation 


Will simply serve to bring the capillaries into the same state 
of distension as before. Hence at the begmning of mspiration 
the flow through the pulmonary vein will be dimmished; 
there will be less blood discharged into the left heart, and 


Pig. 203 



Diagiam to show condition of pulmonary vessels m inspiiation 


therefore a fall in systemic pressure. As soon however as the 
increased capacity of the pulmonary vessels is made up, the 
dilatmg effect of the inspiratory movement of these vessels 
will aid the flow through the lungs, in consequence of the 
diminution of resistance, so that the same force of the right 
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heart, whiol^ drove 10 c.c. of blood per second through the 
former resistance during expiration, 'will now drive more, say 
12 c.c. of blood. There is thus more blood entering the left 
heart, and therefore a rise of systemic pressure during the 
last three quarters of the mspiratory movement. 

Expiration will have exactly the reverse effect. At the 
beginning of expiration there is a diminution of capacity in 
the pulmonary vessels from 80 to 26 o.c. Hence during the 
first second of expiration the outflow of blood from the 
pulmonary vem into the left heart wiU be 17 c.c. (12 c.c. + 
6 O.C.). After this, the mcreased resistance m the pulmonary 
capillaries in consequence of their constriction will come 
into play, and the flow of blood through them will fall once 
more from 12 c.c. to 10 c.c. Hence at the beginning of expira¬ 
tion the inflow of blood from the pulmonary vein into the left 
heart is greater than at any period. The arterial pressure 
will therefore rise to its greatest height at the beginning 
of expiration, and will fall, during the last three quarters of 
expiration, but will attain its mmimum only at the beginning 
of the next inspiration. 

In this way the effect of the respiratory movements on 
the systemic blood-pressure can be entirely explained by the 
influence they exert on the lung vessels or lesser circulation. 
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Seotion 5 

VOICE AND SPEECH 

Voice. —The voice is produced by an expiratory blast of 
air being forced through the narrow interval between the 
true vocal cords. These, which are thin, membranous, and 
elastic, are set into vibration by the current of air, and the 
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Anteiior half of the larynx, seen from behind The section on the 
right side la somewhat in front of the left Bide c, epiglottis; 
o', cushion of epiglottis, i, thyroid cartilage, s, s', ventiicle 
of laiynx; 7i, great cornu of hyoid bone; t a, thyio-nrytienold 
muscle; v Z, vocal ooida Above the ventricles nio the false vocal 
colds r, fiist ring of trachea (A Thomson) 

vibrations are communicated in tmn to the air in the upper 
air-passages. The pitch of the sound produced depends on 
the rapidity of vibration of the vocal cords. 

The vocal ooids aie composed of elastic and muscular fibres, covered over 
by mucous membrane, and lunnmg from the onterioi piooesses of the arytea- 
noid cartilages behind to the posterior surface of the angle of the thyroid 
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oartilage m fiont The arytesnoid oartilageB aj:e small pyramidal masses of 
dbro-oai-tilage resting ou the baok part of a rmg-shaped oaitilage^ the oriooid 
cartilage This is thin m fiont, but thick behind, bemg produced upwards at 
its back part foi the attachment of the arytsanoids 

The thyroid oartilage consists of two wmgs or ales, articulated to the sides 
of the cricoid, so that the back part of the cnooid can move backwards and 
forwaids 

These four cartilages foim the skeleton of the larynx By their relative 
positions the tension of the vocal cords and the shape of the rima glottidis 
are determined* These movements are coined out by the followmg muscles 
The ci'ico-thyi end muQQle passes downwards and forwaids fiom the lower 
part of the thyroid coi’tilage to the fiont part of the cricoid 

The posterior cnco-aryicenoid muscle arises from the posterior surface of 
the cricoid oartilage and is mseited into the outer angle of the aiyteBnoicl 
caitilage 

Fig 205 Fig 20G 



Fig 200 —Side view of cartilageB of larynx th, thyioid cartilage, 
ar, aryteenoid cartilage, cr, oriooid oai*tilage, ctin, crico-thyroid 
muscle , chi vocal coids 

Fig 207 —Back view of larynx, ar m oiytssnoid muscle \vith the 
oblique fibres which pass lound to ]om the arytrono-epiglottidean 
muscles , cap posteiioi ciico-arytsanoid muscles. 

The lateral dnco-arytaifiioid iims upwards and backwards from the middle 
thud of the upper border of the ciicoid coitilage to the anterior maigm of the 
base of the aiytesnoid caitiloge 

The aryteenoid is a smgle flat muscle running horizontally between the 
posteiior holders of the two aryteenoid cartilages 

The thyro-arytanicnd muscles run fiom the mtemal surface of the thyroid 
caitilage, close to the angle, backwaids, to be mserted into the latei*al 
border of the aryteenoid cartilage, the most mtemal fibres being contamed 
in the vocal cords, and mserted mto the piocessus vcoolis of the orytEBuoid. 

The false vocal ooids oie two ridges of mucous membrane, lying ovei and 
poioUel to the true vocal coids, and separated horn them by a lateial recess 
known as the ventricle of the larynx 

During ordinary respiration the glottis or opening between 
the vocal cords remains about half open, being rhythmically 
widened with every mspiration. For the production of voice, 
the free borders of the vocal cords must be brought so near 
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to one another that they almost touch, and a narrow chunk 
with parallel sides is formed. At the same time they must 
be more or less tense, according to the pitch of the note to 
be produced. Both these changes are effected by the agency 
of muscles, the narrowing of the glottis by the contraction 
of the lateral crico-arytesnoid muscles acting in conjunction 
with the posterior arytssnoid and the external thyro-arytse- 
noid muscles. The tightening is brought about by the con¬ 
traction of the crico-thyroid. This muscle raises the anterior 
part of the cricoid cartilage so that its upper part, to which 
the arytssnoids are attached, is carried backwards, and thus 
the vocal cords are put on the stretch. At the same time 
the tension may be regulated by the contraction of the 
internal thyro-aryteenoid muscles. 

The pitch of the tone depends on— 

1. The length of the vocal cords. It is well known that 
the pitch" of a stretched string varies inversely as its length. 
A piece of catgut one foot long will, on being struck, give a 
note an octave higher than a similar piece two feet long, if 
both are under the same tension. Comparative measurements 
show that the vocal cords of men are one and a half times 
the length of those of women, and this explains the difference 
in the pitch of their voices. Among men those with a tenor 
voice have shorter vocal cords than those with a bass one. 

2. Tension of the vocal cords, which is modulated by the 
degree of contraction of the cnco-thyroid muscle. 

The mtensity or loudness of the voice depends on the 
strength of the expiratory blast of air, smce the more 
powerful this the greater the amplitude of the vibrations of 
the vocal cords produced. 

The changes m the glottis aooompanymg phonation are best studied with 
the aid ot the laryngoscope This consists essentially of two mm ora, the 
larger, which has a small hole m the middle, is fastened on to a spectacle 
hame, which the observer wears This minor is used to reflect a poweiful 
light mto the back of the pharynx of the person to be observed. A small 
round mirroi about half an mch m diometei, mounted on a handle, is then 
mtroduoed mto the pharynx until it is dueotly over the opening of the larynx. 
The observer then sees m the small mmor a reflected image of the epiglottis 
and orytEBno-epiglottidean folds, with the true and false vocal coids lymg 
between them 

The human voice extends to about 8^ octaves, although 
it is rare to find any individual compass extendmg over two 
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octaves. In men two kinds of voice can be distinguished— 
the chest register and the head register or falsetto. In the 
latter form of voice it is said that the vocal cords are wider 
apart, and that only their innermost margins are set into 
vibration by the current of air. 

Speech ,—Articulate speech is produced, not m the larynx, 
but m the mouth and pharynx. If these parts alone are 
called into play, the expiratory blast of air is so modified as 
to give rise to whispering speech ; if at the same time there 
IS a production of voice in the larynx, ordmary speech is 
the result. 

The sounds that take their origin in this way are divided 
into vowel sounds and consonants. 

The mwels a, e, i, o, u (pronounced ah, eh, ee, o, 6b) are 
tones, %,e. are produced by a regular series of vibrations. 

The special characters of each vowel sound were shown 
by Helmholtz to be due to the combination of overtones, 
which IB different for each vowel. This was determined in 
the following way: — A person was made to tone the vowel 
sounds on one particulai note, and by means of resonators 
the component vibrations of each vowel sound were analysed. 
These bemg found, the experiment was completed by reform¬ 
ing the vowel sounds synthetically by means of tunmg-forks 
arranged to vibrate at the same notes as the notes of the 
resonators that picked out the sounds in the first experi¬ 
ment. 

Thus if h be taken for the fundamental tone, 

b + bi = u(oo} 

b + bi (loud) + fg (soft) = o 

b + bi and L (moderately loud), (loudei), fg, Ug and bg (loud) = e (eli) 

^ ^ could not be reproduced, since its higher overtones 

could not be artificially represented by means of tuning- 
foiks. 

The diffeience m the overtones accompanying the fun¬ 
damental tone, and therefore m the vowel soimds, is brought 
about by changes in the shape of the cavity of the mouth 
and pharynx (Fig. 207). When o and od are sounded, the 
mouth-cavity has the shape of a flask without a neck, the 
openmg bemg situated at the mouth. The openmg is narrow 
when 00 is sounded, wider with o. 
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When a {ah) is sounded, the mouth-cavity assumes a wide 
conical form, the widest part of the cone being at the mouth. 
With e {eh) and % (^) the cavity assumes the form of a flask 
with a long narrow neck which is formed by the raising of 
the tongue, leaving a narrow canal between this organ and 
the hard palate. 

These changes can be observed roughly by any one on 
himself if he intones oo, and then gradually changes the 
sound to 0 , ahf e, i, directing close attention to the changes 
that he is making in his mouth. 

The vowel sounds, we may conclude, are brought about by 
variations in the shape of the cavity of the mouth and pharynx, 
which alter the quality of the tone produced in the larynx 


Fig 207 





Shape of the oiol cavity m the pioduction of the vowel sounds, Ut 1 
(Gnitzner) 

by intensifying some and suppressing other harmonics or 
overtones. 

Diphthongs are produced by changing the form of the 
mouth-cavity from that of one vowel-sound to the other, 
so that one sound follows directly after the other; thus 
ai = ah-ee run together and abbreviated. Consonants are 
sounds produced by a sudden check being placed in the 
course of the expiratory blast of air by closure of some part 
of the pharynx or mouth. They are classified into labials, 
dentals, or gutturals, according as the check takes place at 
the lips, between teeth and tongue, or between back of tongue 
and soft palate. 

In the production of nasal sounds, such as m, or ng^ 
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the mechanism is the same as for the production of 1), d, and 
g, except that the posterior opening of the nares is not 
hept shut by the soft palate, so that part of the sound comes 
continually through the nasal passages, -when it acquires 
a peculiar resonance. These sounds are on this account 
often spoken of as resoncmts. The aspirates are produced 
by the passage of a simple blast of air through a narrow 
opening which may be at the throat as in h, between 
tongue and teeth as in th, or between lips and teeth as m 
ph or f. 
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CHAPTEE 

EXCRETION—rXJirCTIONS OF THE KIDNEYS AND SKIN 

Section 1 

THE TJRINAEY CONSTITUENTS AND THEIE OEIGIN 
IN THE BODY' 

The consideration of the lungs, which are organs engaged 
at the same tune in absorption and excretion, leads us on 
naturally to those organs by which the remammg waste 
products of the orgamsms are eliminated, ^.e. the kidneys 
and skm. 

The main wo rk of the kidneys is the .excretion of urea , 
t he prod uct of the nitrogenous waste of the body. This.is 
. turned out dissolved in water, tog^her with certain oJili£.r 
nitrogenous extractives, salts, and water, which together make 
up the urine. 

Human urine m a fresh condition is a clear yellow fluid, 
with characteristic odom' and’ som’ reaction. Its specific 
gravity is on the average 1016—1020. It is free from 
organised elements. ^ average man of 66 kilos weight 
passes in twenty-four hom-s about 1,600 grms. of urine. 
Xtlis contains about j[3_grms4. of sohds, which are made up 
as follows; 


J Urea . 

. 33 gims 

j XT a-CKi 

06 „ 

3 - Hippuno acid 

04 „ 

LI ^ Oreatiume . 

09 „ 

5 ' Pigment and othei substances 

10 „ 

4 Sulphuno acid 

2 

n Phosphoric acid . 

3 

^ Ohloiine 

• 7 

1 ^ Potassiunk. 

26 „ 

\ Sodium 

11 » 

\ Ammonia 

. 0 7 „ 

\ ^XOaloium 

) , 

^ Magnesium. 

ii 
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It jal so contains about 16 volumes per cent, of- gas, 
consisting chiefly of carjbon ^oxide, with a small amount of 
nitrogen . 

The the m’ine is ^.ne to the presence of g-gjid 

sodium”^osphalie, "and is equivalent to about 2 grms. of 
oxaliclbcid m twenty-four hours. While active dig6 StiQlL.ls 
aoingjm. the,uj ap,s. .ip ay ha for w hile al^lme, owing .to.,the 
HfifiTftbnn n f hvi^ f pnhlnric.aei d .1^ .7. ,^^ BtorngiCh. The reaction 
viries with the nature of the food. Ip, iierbivora . the^ urinq 
is normally aj^lcahne , becoming acid only when they have had 
no food, ii this condition then- metabolism is going on at 
the expense of their own bodies,' so that they may be regarded 
as carnivorous for the time being. The, acidity of the urine 
dimmishes on stondm g. and if the flmd be exposed to the air, 
a development of micro-organisms ( Mior ococcus .Ufie/p) takes 
place. By their agency thp nrea. is combined with .Wo. mole - 
culeaof wal j ^r to form ammomum carbonate, and the urine 
becom es s toongly alkaline and^ammoBiacal. 


y- 


TTrea f’-'-'i ' ^ ^ 


l' /Vi»t 


Of these constituents, ueha or carbamide is by far the 
most important, smce tUfl. nitrogen 

pyoducfl d by_the diBiptPgf,a-tiQn nl proteins leaves the body 


',1 


|j; pifl-v b ft mA-nfLied_iioi iL uime m tlie following way — The nn ne is evapo- (» 
rated to a small buJi (J), and sti'ong ftfiul m added 

keepm^ the .mix tjy^flol Ojyst alB of mea nitiate aie dep^osited Th^jse 
oie collected and dned between filtei-paper, and made into a paste ' 

large quantity of banu m caibonate and spuit The paste is drb/ 
water-bath and extiocled with alcohol The alcoholic extiact is Gna cava, 
and allowed to evaporate, when ci7stalB of uiea separtite out ^?Iermg with 
ledissolved, d^firiaed by animal chaicoal, and allowed operation 

,-eviously suggested 

Urea crystallises m four-sided animals m 

and celourleag, readily soluble in ^.w^rmed, t ® P®^ 
mtricTcid it forms nitrate of -^assupphed with blood only 
^pctahedra (Fig. 208). if also"/this case the portal blood 
with oxalic, acid (Fig. 209). circulation before arrivmg 

dnh^S ,itmelts an(t^®refore found that any increase of 
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The reaction may be represented as iollows; 


= NH,+ CO< 


" On fm -ther hea,ting eyao nric^cid C 3 H 3 N 3 OJ is formed. ' 
TTrea m ay be.form^ from ammonium ev anate. with which 
it IS isomeric, bv simp ly heajane with water. 

Oft esposiu'e.to the air urhjie becomes strongly alkaline, 
and smells of ammonia. .ALthajaaos huae the earth y phos ¬ 
phates are precipitated. This change (which may be prevented 
by boilmg the urme m a flask, the neck of which is closed 
by cotton wool) is due to infection of the urine by a micro¬ 
organism, Micrococcus urea. Under the influence of this 


Pio 208 . 


O^O 



i 


Urea nikiito. 


Fig 209. 



XJiea oxalate. 


organism thejirea imdjrgo^ hy^’ation, taking up two mole- 
oules of water and being converted into ammonium carbon^e. 

/NH. yONH^ 

00 c ■■+2H20-00( 

NnHj \onh, 

Urcn Ammonium ourbonntc 

nt with an alkalm e _h vpobro mite it is de- 
foimation of free nitiogen and carbon 

= C0, + N2 + 3NaBr + 2H,0. 

yantage of in the quantitative 
urine are treated m a closed 
Ime sodium hypobrcmite 
,dved by the excess of alkali 
\ m a graduated cylinder 
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oyer •wat er. From the amoijnt of nitrogeE giyen ojSf, the I 
apaount, of urea present m the urine ^may be calculated.! 
gS -4 0.0. of nitrogen cnri-egnoni^ to 1 deoifiranL.Qf.;mfia. fwA* 

Since urea i s the end-pr9dgct . of the metabdiam-Dlihe 
prntAinH 'j jft frin. in - with the fogd, whether these have been yy 
built up to form constituent parte of the living cells of the r’'v 
organism or have been broken down at once on their entry y} »• 
into the body, the-amm ml of ..it exoj;eted jm, t he da v is an 
index tQ^t]]^n div ii:y..of the„ . p roj;e^L jnHliahQlia^ ^nce.it.ifl • • ■ ^ 
inereafled hy_a-lAreanrpteinjlifit; as^welLae under conditions - , 

such as feyer^, when a rapid disintegration of the tissues 
is going on. It is moreover 

nitrngfitianj i—such as illy cine or leucine, or of ,, 
arnTrimiia with ca rhnn .jdioxid e or yeget&blfl ^ 

^cids. or oHarge mianti 1 i|gp,Qf watar. r -ji 3 - 


Ongin of TJtea 


J. 

x^llie 


Urea i a_nQt fgrmei^jaJilifi kidnsyp- If the kidne»*^“^onia 
aiHPJfl'lJl&flX-til’Pfl'tfid, urea accumulates in all the sub- 

organs of the bo 4 y, in which it is found at dQf* 
quantities. Circulating bkod _ constantly oont i^Jj*^ P^®" 
pi- npnrf,inn of urea , and the kidnev-c eUB. mer^ Sinc,^filfcthe 
urea and tu rn it out.i hto the ur;iparyLAabiiIflhrougT^-J^ 
inquire what are the immediate precurs'^" . ® 

what organ or organs their transmuta»/ . ° 

Some clue in our investigation of*,. . . ,, , 

by the results obtained in the expe^^ urnished 

lion of protems deecriked in OhnL‘“,?'“ ® tie dianle^. 
ajEstem, on hydrolytic diBSO;[^fa^^^ ^ 

u^^ri,iJlpd^na,belffl^gt^ti^^f^^^^ 

1. Ammo.-Acids, such j. 

glutamiTadds. , ’ MBastlc and 

2 . Ammonaa. 

h- “d bases, such as lysine, argmine . and 

We have to ,quire whether any of these or aUied sub- 
stances occur as .ages in the normal metabolic processes of 
the body and b-yhat chemical processes they are converted 
mto the end-,;;oduct, urea. In the case of one of 


these 
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bodies, argiame, the derivation of urea is extremely simple, 
since mere boiling -v^ith .baryte .water aervesjto split off part 
of the molecule in the form of urea, according to the follomng 
equation: 

NH,. NHj. 

V {a,H„NjO,) + H,0 = >00 + C.H,(NH,),0, 

NH,/ NH,/ 


Arglulno 


Urea 


Dlnmlno-vnleiianic tiold 



This mode of origin will however account at the most 
only for one-ninth of the total protein. The other^eight- 
ninths of _ the urea must be obtained from the other decom¬ 
position products, especially from the ammo-acids. Amjnp- 
acids^ are known to be formed in the intestine in the 
pancreatic digestion of proteins, and are also formed in the 
ordinary metabolic processes of the body. We may instance 
g^cine and tarnune, which are manufactured by the liver 
and "are combine^d with cholahc acid to form the bile acids. 
It IS impossible however to conceive chemically the direct 
conveifaion of these ammo-acids into urea. These bodies all 
Lonfcam^. much larger proportion of carbon to nitrogen than 
we must therefore assume that the first stage 
‘ * the m oxidation. The carbon-holding part 

unites^ with <^0 COg, and part ot__this ^ GO;, 

amiom-m caiwT°f^ ‘ 

deliytalion, cartel 

' cuLUcea may be formed. 


( 1 ) 2 


OH.NH, 
I ■ " 

CO OH 

Glyobie 


" SO, = CO 


/ONH^ 


(3) 


\ 0 NH, 
Ajumonlnm onrbouate 

/NH, 


+ 300^ + HnO. 


yO NH, 

Vnh. 

OarbaniidQ or iiioa 


carbouate be K,Tmimster6d to an animal, no 
ZrZl ammom.,of the urme, but ajige I 

baTlifi ™ ^^^iirea, sho-wing that tL. ammomum carbonate 
nas been converted mto urea. 

mere does this conversion take placed 

nflHQfl /1 Tti . blood mixed with ammouium carbonate be 

molin 1 ® ^^°®‘^''^®ssels of a recen tly excisedfmam- 

200 orZZ' ^ ™ founci to be increased 

per cent., and there is a correspd^dmg decrease 
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. in the amount of ammonium carbonate in the blood. The 

■ same result, viz. a formation of urea, is obtained if amino- 

' ' acids, such as leucine or glycine, be added to the blood that is 
i" perfused through the liver. We see therefore that the liver 
^8 the power of carrying out the series of oxidations and 
dehydrations described m the previous paragraphs, which 
f result in the formation .of_urea. 

, >H^ Many experimental facts point to the conclusion that this 
, (si power is normally exercised durmg life, and is indeed one of 
•! the chief functions of the liver. Comparative analyses of the 
blood of the portal vein and of the carotid artery or hepatic 
vem show a marked difference in the ammonia content of the 
^.^^,^tjblood Whereas carotid blood contams only 2-3 mg. of NHj 
in 100 c.e., portal blood contains 4-6 or during digestion 
' even 8 mg per 100 c.c. Jf by any means the proportion of 
■ ammoni a in c arotid blood is raised to that in portal blood, 
- the annaal. . shows symptoms, of..moisoning. being affected 
with convulsions or coma, which may end in death. The 
liver therefore is constantly engaged in removing ammonia 
from the blood and converting it into an innocuous sub¬ 
stance (ulea). 

The decisive experiment of _extir nat ion of the live r pre¬ 
sents m mammfijie consideiable difficulties. Since all the 
blood from the alimentary canal passes through the liver, 
extirpation of this organ mYolves enormous venous conges 
tion of all the portal area. The wall of the mtestines 
becomes thickened and black from effused blood, ^e blood 
in the general circulation becomes concentrated and the 
ammai dies ^vithin a few hours. It is evident that this 
difficulty might be overcome if we could in any way make 
an opening between the portal vein and inferior vena cava, 
so that the liver might be excised without interfering with 
the circulation through the gut. This difficult operation 
has been carried out by Pawlow, though previously suggested 
by Eck, a Eussian surgeon. In a number of animals m 
which this operation had been performed, the portal vein 
was hgatured so that the liver was supplied with blood only 
through the hepatic artery. In this case the portal blood 
had to pass through the general circulation before arriving 
at the Hver, and it was therefore found that any increase of 
nitrogenous metabolism, such as that caused by a protein 
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meal, brought about symptoms of the convul¬ 

sions and coma mentioned above. On a farmaceous diet, the 
animals (dogs) could be kept alive a considerable time, and it 
was observed that the dogs themselves soon recognised the 
evil effects of a meat diet and changed their tastes m conse¬ 
quence. In animals suffering from these symptoms, the urea 
in the urine was somewhat diminished, its place being taken 
by ammonia. A large proportion of this substance was 
present m the form of ammonium carbamate. This fact 
points to the possibility that the combination of ammonia 
and carbon dioxide m the tissues results m the formation 
of this salt rather than of the carbonate, and that the 
ammonium carbamate is therefore the immediate precursor 
of urea. In dogs with an Eck’s fistula and the portal vein 
ligatured, obstruction of the hepatic artery brings about 
death within twelve to twenty-four hours. During this time 
a small amount of urme may be secreted, containing a fan* 
proportion of urea, a fact which has been interpreted as 
showing that other tissues besides the liver take pait in the 
formation of urea. 

The importance of the liver for the transformation of the 
amino-acids is illustrated by the fact that in acute yellow 
atrophy of the liver, as well as in the similar condition 
brought about by the admmistration of phosphorus, the 
urea may disappear from the urme, its place being taken by 
leucine, tyrosine, and other amino-acids, as weU as ammonia. 

Confirmatory evidence on this subject is furnished by 
experiments on birds. In this class there is no need to per¬ 
form Eck’s fistula, since there is normally a communication 
(the vein of Jacobson) between the portal vein and the renal 
veins, and so with the vena cava (Fig. 210). Hence they 
may survive the operation of extirpation of the liver for 
several days, during which time the kidneys continue to 
perform their normal functions. Unfortunately for oui 
present question, in birds the greater part of the nitrogen 
is excreted as uric acid, and not as urea Extirpation of the 
liver causes an almost total disappearance of the uric acid 
m the orine, and a corresponding appearance of ammonia 
In healthy geese, for mstance, the nitrogen eliminated as 
uric acid amounts to from 60 to 70 per cent., and as 
ammonia to from 9 to 18 per cent, of the total nitrogen. 
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After removal of the liver the uric acid nitrogen represents 
only 3 to 6 per cent., and the ammonia 50 to 60 per cent. 
These figures show clearly that m birds ammonia is a pre¬ 
cursor of uric acid, and that the presence of the liver is 
essential for its conversion into this substance. 

It is interestmg to notice that under such conditions a 
large quantity of lactic acid occurs in the urine combined 
mth the‘ammonia as ammonium lactate—a fact not without 
significance in view of the artificial synthesis of uric acid 
from trichlorlactic acid and urea. 


I fj 

Iliac vein- |0|| fl 
KidneyJ 


Fia 210. 

j~lnf Vena Cava 


V. of Jacobson 
Inf. mes.v._ 

Caudal v — 



Rectum 


Diagiam to show the aiiangement oi. the veins m the bird, with 
the commumcation of the renal and portal veins (After 
Moiat) 


Another important precursor of urea is represented by 
creatine. This nitrogenous substance occurs in the organism 
in far larger quantities than any other extractive. The body 
of a normal-sized man contams about 90 grms., chiefly m the 
muscles. 

Oieatme can be piepaied by treating extract of meat with baryta water 

to precipitate phosphates, r^cmpg the excess of baryta with 00j, and then 
concentrating the filtrate on a water-bath to a thick syrup In a few days a 
crystalline deposit of oreatme is formed Tlra crystals arc transparent oolomless 
prisms, soluble m water, almost insoluble m absolute alcohol. On heatmg with 
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dilute mineral aoicis creatme loses a moleoule of water and is oonveTted^^nto 
QjjgatjLD^P Thus 


NH^ 

NH,/ 


0-N 


•OH, 


/ 

'^OH, 
OOOH 


-H,0- 


nh/ 


0—N: 




OH 


\0H 


'00 


3 

2 


On boiling creatine with baryta water it is split up into 
u re a jjid sarcosine—an amino-acid, accordmg to the following 


equation: 

yG-N< 

NH/ 

/CH 3 

NH,v 

+H,0= >00 + H—N< 

' nh/ 

/H 3 

\CH,.COOH 

\CHj.OOOH 



Urea 

Boroosme 


and it is conceivable that a similar decomposition takes 
place in the muscles, the sarcosine passing on to the liver, 
and there being converted into ammonium carbonate and 
them into urea. The following fact seems at first agamst 
this view Creatine taken with the food or injected mto the 
blood calls forth no increase of urea in the urine, the whole 
quantity being excreted in the urine as creatme or creatinine. 
We must conclude from this experiment that the creatine 
does not leave the muscle as such, but that it is broken 
down in the muscle into urea and an amino-acid, or still 
further oxidised mto ammonia and carbonic acid, which are 
then turned out into the lymph and blood-stream. 

Duect experiments by SohSndorfl seem to pomt to a formation of ammonia 
m musolea durmg activity, and we know that OOj la the most promment 
product of musoulai metabolism. But m these expenmeuts, which consisted 
m the estimation of the ammonia m defibrmated blood before and aftei passage 
through the vessels of a hindhiub, the muscles of which were tetanised through 
the nerve, there was also an increased formation of lactic acid It is therefore 
possible that the ammonia was the direct result of the pioduotion of acid and 
theiefore only indirectly due to the state of activity of the muscle We 
■ do not yet know whethei lactic acid is produced in conti action of a muscle 
under absolutely normal conditions, and theiefore cannot legard Schondorff’s 
experiments as absolute pi oof of the formation of ammoma nnder such 
normal conditions 


The various stages m the formation of urea from protein 
may be roughly represented by the following schema • 



By dehydration 
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Ammonia 


Protein 

iy hydrolysis breaks 
Amino-aeids 


' Hexone bases ’' 

I 


By oxidation} 


Ammonia and CO^ 


By dehydration 


Urea 


Alternative process ? 


Protem 


Creatine {mode of conversion 
wiknown) 


/ 

Sarcosine 


Urea 


Oxidation 


NH, and GO, 


Dehydration 


Urea 


‘ Nothing 18 known as to the fate of these flubstances in the body, though it 
13 highly probable that they, as well as the residue left after the hydiolysis of 
aiginine, undergo changes similai to those which have been proved to take place 
m the case of the simple amino'aoids. 


By hydrolysis (arginine) 
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Uric Acid 




Ueio acid (C,H,N, 03 ), which occurs constantly m the 
urine in small quantities, is a weak dibasic acid. It is 
almost i nsoluble in cold wat er—a little more sol uble in hot 
water. It js easily soluble in alkaline solutions and in solu¬ 
tions of the alkalme phosphates. In solutions of the latter 
salts a chemical change takes place, the uric acid with¬ 
drawing a part of the alkali from the phosphate to form an 
acid urate of the alkali, which is more soluble m water than 
uric acid. Thus: 


Na,HPO, + C5H,N,03=NaH^PO, -I- NaC^HjN.Oa. 


The acid reaction of the ui'ine is due to the presence of 
the acid sodium phosphate. If the m*me be allowed to cool, it 


Fiq 311. 



Various forms of uno acid crystals (Frey ) 


is often found that crystals of uric acid separate out, and 
the urine becomes less acid or even alkalme. This is due to 
the fact that in cooling the mass-influence of the uric acid is 
diminished. The phosphoric acid of the phosphate combines 
with the soda of some of the acid sodium urate, forming 
disodium phosphate and settmg free uric acid, which is pie- 
cipitated. If the urine be warmed again to the temperature 
of the body, the converse reaction takes place, acid sodium 
urate and acid sodium phosphate being formed, and the mic 
acid is dissolved 

It may be prepared from urine by adding 5 c.c. of hydro¬ 
chloric acid to 200 c.c. of urine, and allowmg the mixture 
to stand for twenty-four hours. Crystals of uric acid then 
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separate out (Fig. 211). These are generally coloured dark 
red and form rhombic prisms. The red colour of the 
crystals is due to the fact that they carry down with them 
part of the pigment of the urine. If the urine is concen¬ 
trated, there is very often a brick-coloured precipitate pro¬ 
duced on coohng, which dissolves up agam if the urine be 
warmed. This is spoken of as the ‘ lateritious ’ deposit, and 
consists of the mixed urates of potassium, sodium, calcium, 
and ammonium. 

Three olasBes of urates aie described. Taking Hj.'O’ to stand for urio acid, 
the saJts would be represented as MaTJ (normal urates), HMU (acid urates oi 
biurates), and HMt3r Hgt}, or (juadnurates. The biurates are the only stable com¬ 
pounds. The normal urates, which are the most soluble, form strongly alkaliue 
solutions The quadriurates are supposed to form the greater part of the 
urates of urme, hut spht up spontaneously into biurates and uric acid It is 
doubtful whether the bodies desoiibed under this name aie anything more than 
mixtures of biurates and uric acid 


Tes ts Jor uric^aaid .—A few crystals of uric acid are 
warmed with a httle concentrated nitric acid in a porcelain 
capsule until the nitric acid is evaporated. On adding a drop 
of ammonia to the yellow residue, a brilliant purple colour 
is produced (muru xidfl). If potassium or sodium hydrate be 
used the colour is blue. 

Another method is to dissolve the substance in sodium 
carbonate solution and to place a drop on filter paper pre¬ 
viously moistened with silver nitrate. If uiic acid is present 
a yellow or black coloration is produced, due to the reduction 
of the silver salt. This is known as ^chiff sJjegji. 

QuantitaUve determination. —Hopkins’ method for the 
estimation of uric acid is founded on the fact that saturation 
of a fluid containing uric acid or urates with ammonium 
chloride causes complete separation of all the uric acid 
present in the form of ammonium urate. In applying this 
method the urine is saturated with crystals of ammonium 
chloride, and a few drops of strong ammonia solution are 
added. The precipitate of ammonium urate which forms is 
collected on a filter, washed into a beaker, and boiled with 
dilute hydrochloric acid The urates are broken up, and the 
uric acid thus set free is deposited in a crystalline form on 
cooling. The precipitate of uric acid is collected on a weighed 
filter, dried, and weighed. 
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Chm/ical RelaiA^mshvgs of TJno Acid .—A kno'wledge of the chemical rela- 
tionahijis of niio acid is a necessary preliminary to 'any mvestigation of its mode 
of ongm m the body We have aheady seen that it is a membei of the group 
of 2 }urm 6 bodies 

N-OH 


The formula of punne being OH 
II 

N 




•N& 


C-~N 


OH 


HN~00 

I I 

that of unc acid 19 GO C—NH- 


\ 


1 II )00 (t e. trioxypurme) 

HN—0-NH/ 


It 13 apparent from this formula that uric acid consists of a central thiee 
carbon chain to 'which aie attached two urea groups, and it is easy to under¬ 
stand the synthesis of uno acid by fusing togethei triohloilactie acid 01 
tiiohlorlactamide and urea 

Under the action of oxidismg agents one or both of the urea groups is 
split off 

Thus nitno acid sphts off the right-hand group, formmg urea and a body 
known as alloxan 

NH—00 NH—CO 

1 ' J 1 

CO d-NH\ CO CO NHa 

1 u ;co -f H2O -I- 0 = 1 I + )co 

NH—C-NH/ NH—00 NH/ 


Purthor oxidation conveits the alloxan mto parabamc acid 

NH-00 


CO 

nIs— I 


and COo, 


CO 


and parabamo acid by hydrolysis is finally converted mto oxahc acid 

CO-OH 

I and urea 

CO—OH 

Potassium permanganate on the other hand attacks the central thiee caibon 
chain at once, foiming allantoin 

NH—CO NHg 

CO CO and CO^ 

1 j 

NH-OH-NH 


From the allantoin by piooessesof oxidation andhydi*ation both urea gioups 
may be sphb off as before. 
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Ongioi of Uric Acid 

We have already seen that m birds uric acid is formed 
mainly in the hver from ammoma and probably lactic acid. 
In this class the admmistration of amino-acids, ammonia, or 
urea gives rise in every case to increased output of uric acid, 
and we have reason to believe that the greater part of the 
transformation is effected by the hver. These results how- 
ever are no guide to the question of the origin of uric acid 
m mammals, where this substance forms only a very small 
proportion of the total nitrogen output. 

The first question we have to decide is whether mdc acid 
is a by-product m the ordmary processes of nitrogenous 
metabolism or whether it is formed along special hnes from 
certam precursors contained in the food. If the former were 
the case, we should expect to find a constant ratio between 
the uric acid and the urea in the urine. Although on a con¬ 
stant diet such a ratio does exist (average about 1 to 60), the 
ratio is at once upset by certain alterations in the character 
of the food. Thus the uric acid output is very small on a 
farmaceous diet, and is very little affected by adding to such 
a diet a large amomit of protein m the form of white of egg. 
A (relatively) large increase is at once observed if a full meal 
of meat be taken, and a still greater rise is produced by 
the ingestion of foodstuffs rich in cells, such as sweetbreads 
(thymus or testis) or liver. The rise of uric acid output 
foUowmg such a meal is very rapid, and precedes the normal 
post-prandial mcrease of urea (Fig. 212, p. 448). 

This connection of uric acid excretion with the mgestion 
of cellular organs at once suggests a possible mode of origm 
for the uric acid. We have already seen that the main con¬ 
stituents of midifferentiated cells, as of their nuclei, belong to 
the class of nucleo-protems and nucleins, and that these, on 
hydrolytic dissociation, give rise to a series of bases, xanthine, 
hypoxanthme, adenme, belongmg to the purme group, i.e. to 
the same class of bodies as uric acid itself. We have at present 
no adequate evidence as to the effect of the administration 
of these bases on the output of uric acid in man. It seems 
probable however that part of the basic residue of nucleo- 
protems may undergo oxidation m the body and appear in 
the urine as mdc acid, while another part may avoid oxidation 
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and appear as other less oxidised members of the group, the 
so-called alloxuric bases of the urine- The nucleo-proteins 
■which give rwe to the uric acid may be contained in the food, 
or be produced in the disintegration of the nuclei, etc., of the 
tissues of the body itself. Corresponding to these two origins 
we may distinguish the exogenous uric acid, dependent on the 
food, and an endogenous moiety arising from the metabolism 
of the tissues. . As to the organ m which the formation of 
uric acid is carried on, we have very little evidence. It has 
been found however that, whereas extract of fresh spleen 
contams a fair proportion of xanthine, the passage of oxygen 
through the splenic pulp for some hours causes a conversion 
of this xanthine into uric acid. 


Pia. 212. 



Curves stowing tte bomly excretion of nrio acid and urea after a 
single meal (Hopkms) The contmuous hne = urio acid output; 
the dotted lme = uiea output 


The only disease m which there is a large moi’ease in the output of mic acid 
is leuehsemia, which is generally associated with enlarged spleen and augmen¬ 
tation of the numbei of leucocytes m the blood Smce the post-piandial use of 
uno acid is also often associated with a ceitam amount of leucocytosis, it has been 
suggested by Horbaczewsky that the mic acid is a special product of the 
metabohsm of the leucocytes Other observeis have howevei failed to detect a 
paroUelism between the numbei of leucocytes and the uiio acid secretion undei 
all conditions 

The deposition of sodium urate m the jomts, which occuis in gout, seems to 
be due to a deficient excretion lather than to an mci eased formation of this 
substance The whole question is however extremely involved and in need of 
fnither evidence with legaid to the ongm and significance of mic acid in the 
normal organism 
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In dogs the administration of uno acid or of hypoxanthme causes an 
increased excretion m the urine, not of one acid tut of oUantome Admi- 
niskation of adenine, another puime base, apparently causes no alteiation at 
hist m the mtiogenouB constituents of the mine The dog however finally 
dies with suppiession of mine, and it is found that the epithehal cells of the 
renal tubules aie desquamating and in many places full of uric acid infarcts 
It seems evident from these various facts that there is a chapter of purine 
metabolism in the body, of which at present we possess only a few disconnected 
pages 

The following table will serve to represent the relation of urio acid to the 
other xanthine or purine bodies. 


Uno acide 
Xanthme 
Hypoxan thine 
Adenme 
Guanine 


05^lNA 

O.H,NA 

O.H,N.O 

O.H.N. 

C.H,N 30 


Other Nitrogenous Constitnents 

Ceeatininb.— The creatinine in the urine is nearly all 
derived from the creatme contamed in the meat that is taken 
as food.' It does not however disappear m hunger, so that 
a certain amount must arise in the metabolic processes of the 
body itself. It may be that this quantity merely represents 
a small percentage of creatine which has escaped further 
decomposition in the muscles. 

Hippueio Aoid.— This is only present in small quantities 
in human urine. The large amount found in the urine of 
herbivora is due to the fact that in their food are bodies 
belongmg to the aromatic group—the benzoic acid series. 
If benzoic acid be admmistered to a man, it is excreted in 
the urine as hippuric acid, which is a combination of glycine 
with benzoic acid, with the elimination of a molecule of 
water: 

CHjNH, OHJJH-COCeH, 

0,H.—COOH+I =] ■ +H,0 

Beuzoli: acid CO OH 00 OH 

Glycine Hippuric ucId 

This synthesis is effected by the living cells of the kidney. 
If defibrinated blood containing benzoic acid and glycine be 


‘ Aooordingto Fohn, however, all the creatiuine of the urine is deiived fiom 
the metabolic processes of the body, any creatine contained in the diet being 
oxidised, or if m excess, appearing in the uimo unaltered as creatme 

^9 

\ 
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passed tliroiigli the vessels of the kidney for some time, it 
will be found that their place has been taken by hippuric 
acid. In the same way, a small amount of hippuric acid is 
formed if the kidney be chopped up and mixed with blood 
containing benzoic acid and glycine. If the kidney cells be 
first killed by exposure to a temperature of 66°, or to the 
action of alcohol, no hippuric acid is formed, showing that 
this synthesis is not effected by a mere ferment action, but 
is intimately dependent on the life of the cell. 

Ammonia. —Although this constituent occurs in normal 
human urine only to the extent of about 0*7 gram per 
diem, it IS of considerable importance, since it is a measure 
of the formation or ingestion of acids by the body. If 
ammonium chloride be given to a fed rabbit, it reacts with 
the alkaline carbonates derived from the vegetable food to 
form ammonium carbonate, and this is converted mto urea, 
and appears as such in the urine. If, on the other hand, 
ammonium chloride be given to a carnivorous animal, there 
is no such store of alkali to take up the hydrochloric acid. 
The salt therefore appears m the urine unchanged. 

In the same way if dilute mineral acid be mjected into 
the veins of a dog, the reaction of the blood remains normal, 
but the excretion of ammonia m the urine is increased in 
proportion to the acid mjected. The tissues defend them¬ 
selves against the acid intoxication by turning out ammonia, 
and the ammonia in the urme is therefore increased at the 
expense of the urea. 

This self-protective ammonia formation is less marked in 
herbivorous animals. In these, when the store of vegetable 
alkaline salts is used, the acid causes a lowering of the 
alkalmity of the blood. The carrying power of the blood 
for carbon dioxide is therefore dimmished (fixed acid having 
taken the place of OO 2 and PjOg), and the animal suffers 
from a retention of COg in all his tissues, giving rise to 
hyperpnoea and dyspnoea and finally to a condition of coma 
which may end fatally 

An analogous condition occurs in cases of diabetes in 
man. This ‘ diabetic coma * has been shown to be associated 
with the abnormal production of large quantities of oxy- 
butyiic and diacetic acids. The alkalinity of the blood as 
well as its CO^ contents is decreased, while the ammonia 
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of the urine is largely increased in the vain attempt of the 
organism to saturate the offending acids. 


The Salts of Urine 

The greater part of the salts of the urine is derived 
directly from the salts taken in with the food. The com¬ 
binations of the vegetable acids with alkalies, e.g. citrates 
and tartrates, are oxidised to carbonates, and are in this 
form eliminated with the urine. 

The phosphates originate partly from the breakmg down 
of complex phosphorised molecules, such as lecithin, nuclein, 
and the nucleo-proteins, partly from the phosphates taken 
in with the food. When the urme becomes alkaline, the 
calcium and magnesium phosphates are deposited as an 
amorphous precipitate. If the urine is ammoniacal, ammonio- 
magnesium phosphate may be formed and precipitated in 
a crystalline form. 

The sulphur in the urine arises partly from the sulphates 
of the food, and partly from protein metabolism. It is found 
in the urine in three forms : 

1. Small traces of an unoxidised sulphur compound, allied 
to cystine. 

2. As simple sulphates of the alkalies. 

3. As conjugated ethereal or aromatic sulphates. 

These latter bodies are important from the fact that they^ 
are dependent on putrefactive changes occurring in the I 
intestine, so that their quantity in the urine is an index to ^ 
the extent of these processes. In the bacterial putrefaction 
of proteins, bodies of the aromatic series, such as skatol, 
indol, and phenol, are formed. These, after absorption, 
unite in the blood-stream with an alkaline sulphate to form 
conjugated or ethereal sulphates, and as such are excreted 
by the kidneys. The poisonous aromatic body is thus 
rendered innocuous. 

OH .0.0,H, 

C,H,OH + so/ = SOX + H,0. 

\OK \OK 

Phenol Acid potassium Potassium 

sulphate phenyl sulphate 
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Indol and skatol undergo a preliminary oxidation to 
mdoxyl and skatoxyl before the conjugation with sulphuric 
acid takes place. Thus : 

yNHv /NH 

c,hZ \ch + 0 = c,h/ 

\CH 

Indol Indoxyl 

the indoxyl sulphate of potash having the formula 

KO^ 

Indoxyl sulphate of potash is often spoken of as indican, 
since on oxidation it yields indigo blue If urine containing 
this body be treated with hydrochloric acid and a drop of 
chlorine water, a bright-blue colour is produced from the 
formation of indigo. 


^COH. 


Urinary Pigments 

An exact knowledge of the pigments of the m-ine is 
still wanting. The chief colouring matter is a body known 
as urochrome. The chemical relationships of this body 
have yet to be discovered. It has no distinctive absorption 
spectrum. On treating however an alcoholic solution of 
urochrome with aldehyde, a pigment is produced having an 
absorption spectrum identical with that of woUlin, thus 
pointing to a common origm of the two bodies. Urobilin 
itself does not exist in normal urine, which presents no 
absorption bands. On precipitating normal urine with lead 
acetate, and extracting the precipitate with acid alcohol, a 
small trace of urobilin is obtained. Normal urine therefore 
contains a small amount of a chromogen, which on appropriate 
treatment may give rise to urobilin. In certain diseases, 
especially ciiThosis of the liver, the urine may contain large 
amounts of pre-formed m'obilin. 

UrobiUn free from other pigments may be extracted from 
urine in the following way:—The urine is saturated with 
ammonium chloride to throw down urates with the adherent 
pigment uroerytlmn, then filtered, acidified, and satarated 
with ammonium sulphate. This throws down,the urobilin, 
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but instead of waiting for the precipitate to form, the urobilm 
may be dissolved out by shaking the ammonium sulphate 
solution with a mixtmre of chloroform (one part) and ether 
(two parts). The solution thus obtained is yellowish-red, 
with a well-marked absorption band in the blue end of the 
spectrum near the Fraunhofer line F. 

Urobilm is certainly derived from bile pigment, and there¬ 
fore indirectly from hsemoglobin. The stercobilin which is 
formed from bilirubin in the intestines, under the reducing 
action of putrefaction, is identical with m’obilm. Urochrome 
is probably a product of oxidation of m’obilin. 

Hydrobthrubm, which is formed by the action of sodium 
amalgam on bilirubin, presents many similarities to uro¬ 
bilm, with which it was formerly thought to be identical. It 
contains however about twice the proportion of mtrogen that 
is contained m urobilin. . ^ 
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Sbotion 2 

THE SBOEBTION OF UEINE 

The kidney may be considered as a compound tubular 
gland. On cutting into a kidney it is seen to consist of two 
parts, a granular cortex, and a medullary portion presenting 
radial striation. The medulla in the human kidney is 
divided into a number of pyramidal segments, the Malpighian 


Fig. 218 . 



Sectlou of buDian kiclney (Oacliat) a, coitox ; h, medulla 
or Malpighian pyiamids; c, papilla, cl, uietoi, o e, boundaiy zone 

pyramids, each consisting of a number of tubules which open 
at the apex of the pyramid, the papilla, into the dilated 
extremity of the duct of the kidney—the ureter. Between 
the cortex and medulla, m the region known as the boundary 
zone, are seen a number of large blood-vessels cut across. 
Small striated prolongations of the medulla stretch up from 
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the base of the pyramide into the cortex, forming the medul¬ 
lary rays, or pyramids of Ferrein. 

The urinary tubule staits in the cortex in a small dilata¬ 
tion—the Malpighian capsule, which is lined by a single 
layer of flattened cells. Into this capsule projects the 
glomerulus, a little bunch of capillary blood-vessels, also 
covered by flattened cells. The capsule leads into the first 
convoluted tubule, hned with peculiar ‘ rodded ’ epithehum. 
The tubule now becomes much narrower, and dips down into 
the medullary pyramids as the descendmg loop of Henle, 
Imed with flattened hyaline epithelium. It then widens as it 
turns up again, and on reaching tjie cortex forms the irregular 
tubule and the second convoluted tubule. These three last- 
named parts are Imed with rodded epithehum. From the 


Fia 214. 



A portion of a convoluted tubule with ‘ rodded ’ epithelium 
(Heidenhom) 


second convoluted tubule a junctional tubule leads into the 
collecting tubule, which is lined with hyaline cyhndncal cells. 
There are thus four different varieties of epithelial cells 
in the various parts of the tubule, %,e scaly cells m the Mal¬ 
pighian capsule, peculiar rodded epithehum in the convoluted 
and irregular tubules, flattened cells in the descending loop 
of Henle, and ordinary cylmdrical cells m the straight col- 
lectmg tubes. 

There are also certam peculiarities connected with the 
blood-supply to the kidney. The renal artery breaks up into 
numerous vessels at the boundary zone between the pyramids 
and the cortex. From these the straight interlobular arteries 
pass towards the surface, giving off lateral branches which 
form the afferent arteiies of the neighbouring Malpighian 
capsules and break up in the glomerulus mto a cluster of 
fine capillaries. These unite agam to form the efferent vessel. 
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'which is only two-thirds the diameter of the afiEerent vessel. 
The efferent vessel leaves the glomerulus and breaks up 
again into capillaries which supply the walls of the convoluted 
tubules. Thus the arrangement of the portal system of 
vessels is repeated in the kidney on a microscopic scale—the 
vessel taking the blood from the glomerulus breaks up again 
into a system of capillaries, just as the portal vein does in 
the liver. The pyramids are supplied by branches of the vasa 
recta which pass inwards from the arteries in the boundary 
zone. 


Fig. 216 



Diagram showing comae of uimary tubules, and the distribution 
of the blood- vesselB (fiom Yeo) 


This arrangement of blood-vessels must determine a high 
pressure in the capillaries of the glomerulus, and a low 
pressure m the vessels supplying the remaining parts of the 
tubule. Since these capillaries are covered only by a thin 
layer of scaly epithelium, it has been thought that filtration 
plays a great part in the secretion of urme, and that perhaps 
the fluid parts of the blood are merely filtered off in the 
capsule, and the useful constituents of the filtrate, together 
with the excess of water, reabsorbed m the tubules where 
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the pressure in the surrounding capillaries is low. At any 
rate the histological differences between the glomeruli and 
tubules indicate that in the secretion of mine we have pro¬ 
bably two distinct mechanisms at work, the glomerular and 
tubular. It will be convement to deal with these two func¬ 
tions of the kidney separately. 

According to the theory just enunciated, the glomerular 
epithelium acts simply as a filter allowmg the water and salts 
of the blood-plasma to pass into Bowman’s capsule. Such 
a filtration presents no difficulties from a mech&nical stand¬ 
point. If blood-plasma be filtered through a clay-cell, the 
composition of tjie filtrate obtained differs very little from 
that of the original plasma. If however we make the filter¬ 
ing medium denser by soaking it with gelatin, we find that 
only the water and salts of the plasma will pass through, the 
whole of the protein remaining behind. Under these cu'cum- 
stances, a certain limiting pressm*G is found at which no 
filtration at all takes place. This pressure, which in the case 
of blood serum amounts to about 80 mm. Hg, represents 
the force necessary to effect a separation between the colloid 
and fluid constituents of the blood-plasma. If the filtration 
theory be correct, we should expect to find that a cei'tam 
minimal blood-pressm*e is necessary for any flow of m‘me 
to take place at all, and that when the pressure exceeds this 
minimum, the rate of secretion will be propoi*tional to the 
blood-pressure in the glomerular capillaries, or at any rate 
to the difference of pressure obtaining between the glomerular 
capillaries and the urinary tubule. 

The experimental investigation of this question shows 
that in many cases at least the urinary secretion follows the 
mechanical conditions just laid down. If the spinal cord be 
divided in the neck, the blood-pressure falls to about 40 mm. 
Hg and the urinary secretion ceases. On the other hand, 
any procedui*e which mcreases the pressui’e and velocity of 
the blood in the glomerular capillaries is attended with 
augmented flow of urine. 

The condition of the renal circulation m such experiments 
is tested by placing the kidney in an oncometer. With free 
venous outflow, every increase in volume of the kidney 
denotes increased blood-pressure and blood-flow through that 
organ. 
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The parallelism of vascular conditions and urinary flow 
will be evident from the following table of results. 


Procediiro 

Geueml 

blood- 

presanre 

Reuol TQSBelB 

JClduoy 

Tolnme 

Urluaryflow 

Division of spinal ooid 
in neck 

Falls to 

40 mm. 

Belaxed 

Sluinks 

Oeases 

Stimnlation of coid 

Bises 

Oonstrioted 

Shimks 

Diminished 

Stimulation of cord after 
section of lenal nerves 

Bises 

Passively 

dilated 

Swells 

Increased 

Stimulation of lenal 
nerves 

UnEiffeoted 

Oonstiicted 

Shrinks 

Diminished 

Stimulation of splancli- 
mo nerve 

Bises 

Ooustricted 

Shimks 

Diminished 

Division of one splanoli- 
mo nerve. 
a In dog 
h. In rabbit 

Unaffected 

Falls 

Dilated 

Belaxed 

Swells (?) 
Shiinks (?) 

Increased 

Dimimshed 

Plethoia 

Bises 

Dilated 

Swells 

Inci eased 

Hesmorrhage 

Falls 

Oonstiicted 

Shimks 

Diminished 


Under all these circumstances, in which the kidney 
increases in volume, the amount of mrine excreted by it is 
increased. But we have here two factors, either of which 
may determme an mcreased flow of urme—Ist, increased 
blood-pressure in the glomerulus ; and 2ndly, inci eased flow 
of blood through the kidney. It will be remembered that the 
flow of lymph from a limb is markedly increased by ligature 
of the veins ; and this increase is due chiefly to the enormous 
rise of pressm'e that takes place in the capillaries, larger 
than can be brought about by the constriction of the arterioles 
in other parts of the body. If the sea'etion of urme were 
similarly dependent on the intra-oapiUary blood-pressure, it 
might be expected that ligature of the renal vein would also 
cause an increase in the m-ine excreted. This is not the case. 
Ligature of the renal vein entirely stops the secretion of 
urine, and Heidenhain concludes therefore that the glome¬ 
rular secretion involves the activity of the endothelial cells 
of the capsule, and is conditioned not by the pressure but by 
the velocity of the blood through the glomerular capillaries. 
This operation of ligature of the renal vem is not however 
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a clean experiment. In the first place the small vems of the 
kidney run alongside of the tubules and when dilated under 
the influence of venous congestion may press upon the latter, 
occluding them lumen and so stopping the flow mechanically. 
Moreover ligature of the renal vem cannot be regarded as 
equivalent to obstruction of the efferent vessels of the glome¬ 
ruli. It will be remembered that there is a very great 
difference as regards the effects on the intestmes between 
ligature of the portal vein and obstruction of the inferior 
vena cava above the liver. It is impossible to inject the 
glomerular capillaries either through the renal portal capil- 

Fig. 216 



Diagiam (aftei Morat) to illustiate the effect of active changes m 
the vasa affeientia and effeientia on the pressme in the 
glotneiulai capiUaries If the vas afferena oonstncts, the 
pressme will be repiesented by the lowei dotted line On 
the othei hand, constiiction of the vas efferens would raise the 
piesBUie m the glomeiulua tih it almost equalled that in 
the lenal aitery, as is shown by the upper dotted line 

A, arteries, G, glomeiulai capillanea, 0, tubulai oapiUaiies; 

V vem 

laries in the frog or through the renal vein in the mammal, 
and in view of the presence of well-developed muscular fibres 
in the vasa affeientia, we have no proof that any given rise 
of pressure produced in the venous side of the tubular capil¬ 
laries is transmitted effectively to the glomerular capillaries. 
It is a common experience to find, in injecting a kidney 
shortly after the death of the animal, that it is impossible 
to get any of the injection mto the glomeiular capillaries, 
although the injection may flow fieely through all the vessels 
of the medulla. 

The diagram (Pig. 216) will serve to demonstrate the 
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great importance of contraction or dilatation of the mus- 
oular fibres of vas afferens or vas efferens for the blood- 
pressure in the glomerular capillaries, and this factor is 
one which unfortunately it is impossible to estimate in any 
experiment. 

It stands to reason however that the velocity of the blood 
must be at least as important as the blood-pressure in the 
glomeruli. At any given time there is only a small volume 
of blood in the glomeruli, and if this were not renewed the 
transudation through the epithelium would concentrate it to 
such an extent that ti’ansudation would be no longer pos¬ 
sible under any pressure which the capillaries would stand. 
In any rapid formation of urine therefore, it is absolutely 
essential that there should be a rapid renewal of blood in the 
glomerulai capillaries as well as an adequate blood-pressure. 

It is interestmg to note that, if the renal veins be ob¬ 
structed for a short time, the m’ine that is excreted after 
the removal of the obstruction contains albumen, showmg that 
the short deprivation of oxygen undergone by the cells has 
injured them, and that they are in consequence no longer able 
to prevent the passage of the protein constituents of the plasma. 

Functions of the tu'biiles.--li we accept the view as to the 
simple character of the glomerular function (a view that must 
still be regarded merely as a working hypothesis), we must 
assume that the glomerular secretion is an almost colourless 
fluid having the same proportion of salts as the blood-plasma, 
and like this containmg only about 0-06 per cent, of urea. On 
its way down the tubules' this fluid is converted into urine, 
containmg 2 per cent of m’ea, as well as salts in proportions 
differing widely fiom that found in the blood-plasma. What 
is the nature of the process occmTing in the tubules ? Is it 
one of absorption as Ludwig assumed, or is it one of secre¬ 
tion, the specific constituents of the urme being added in 
large quantity to the watery glomerular fluid? A definite 
decision between these two theoiies is not at present pos¬ 
sible, although there is no doubt that in its original form 
Ludwig’s theory is untenable. Ludwig ascribed the concen¬ 
tration to processes of diffusion oecurrmg between the fluid 
in the tubules and the lymph outside the tubules. As a 
matter of fact if urine and lymph were in contact, separated 
only by a permeable membrane, the urme would cause a 
concentration of the lymph, smce its osmotic pressure is 
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very much higher tjian that of the latter fluid. It is dMcult 
to believe however that the whole of the urea of the urine is 
turned out by a process of filtration in the glomeruli, since, m 
order to form the 1,600 c.c. of uime contaming 30 grammes 
of urea per day, the glomeruli would have to turn out 60,000 
c.c. of urine, of which 68,500 would be reabsorbed by the 
tubules. 

We must see therefore what evidence there is of a secre¬ 
tory functibn of the tubular epithelium. Older observers 
described crystals of uric acid in the tubular epithelium of 
the bird’s kidney. In the case of the mammalian kidney it 
is evidently impossible to trace such a soluble, iuert body as 
urea, and we must have recourse to colouring matters on 
which the kidney has a special selective activity and which 
can be detected on their way through the cells. Such a sub¬ 
stance is sodium sulphindigotate. If this be injected into 
the blood-stream, the urine within a minute or two acquires 
an intense blue colour, although the blood may be only 
slightly tinged with the dye. If during this period of secre¬ 
tion the animal be killed and its kidney washed through with 
absolute alcohol in order to fix the dye-stuff, the whole of 
the kidney is found to be blue, and on microscopic section 
the only parts free from the dye are the glomeruli. In order 
to study the seat of excretion of the indigo we must stop the 
glomerular secretion which carries the blue colom' to all 
parts of the tubule. For this purpose, before the injection, 
the spinal cord is divided in the neck. The mjection then 
evokes no secretion, but on fixing the kidney in alcohol the 
cortex alone is found to be blue, and on microscopic section 
the indigo is found deposited in granules in the lumen and 
within the striated epithelial cells of the first and second 
convoluted tubules. 

Having thus proved a specific secretory activity of the 
striated cells of the convoluted tubules with regard to indigo 
carmine, it is a reasonable assumption to make that these 
cells exercise a similar function in respect to urea and pro¬ 
bably for the other specific constituents of the m-ine. 

Even if we grant this assumption, it seems necessary to 
allow also an absorbing function to the tubules. Thus it is 
found that during the dimresis produced by injection of 
mixtures of sodium chloride and sulphate, the sulphate is 
excreted far more completely than the chloride, and this 
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difference ia exaggerated if we favour absorption by partial 
obstruction of the ureter, owing to the greater ease of absorp¬ 
tion of the chloride. It is possible that certain parts of the 



The vasculai supply to the kidney m the fiog 

tubules are secretory while other parts are absorptive in 
function, but we are far as yet from any exact knowledge of 
the part played by each segment of the tubule in the elabora¬ 
tion of the fully formed secretion. 


Fia 218 



Diagiammatic lepieaentation of the oouise of the blood-flow m the 
frog’s kidney, showing the double blood-supply to the capillaiies 
lound the tubules 


The ideal method of decidmg the relative functions of the glomeruli and 
tubules would be to collect the secretions of these two parts separately. In 
the hog and newt, the kidneys have a double blood-supply, the glomerulai 
arteries being branches of the renal arteiy, whereas the urmaiy tubules derive 
theii blood partly from the vasa efferentia of the glomeruli, but partly also from 
a blanch of the femoral vem which forms what is called the renal portal system 
(Figs. 217, 218). 
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It was sliown by Nusgbaum that ligature of the renal arteiies entirely out 
ofl the circulation through the glomeruli without interfering with the renal- 
poital oiiculation, and he stated that, although hgature of the renal arteries 
stops the unnary secietion, the secretion can be at once induced by injecting a 
solution of uiea mto the blood He concluded therefore that the function 
of the tubules is to seoiete uiea together with water On the other hand, he 
states that certain substances, such as sugai and peptone, which are readily 
excreted by a normaJ kidney, are not excreted if the lenal arteries have been 
tied, even if a flow of urine be called forth by the simultaneous injection of uiea 
mto the blood. It is concluded therefore that sugar and peptone pass into the 
unne through the glomerulai epithelium. 

A leoent investigation of this subject by Beddard has shown however that, 
while Nussbaum^s anatomical statements are conect, his conclusions aia 
probably fallacious, owing to tlie absence of oontiol mjeotioua of the frogs 
at the end of the experiment. It is very easy to miss some small vessel 
gomg to the glomeruli and then to obtain Nussbaum’a results with the 
mjeotion of urea, but if all the vessels to the glomeruh be ligatured, as proved 
by a subsequent mjeotion, the secretion of m’me ceases absolutely and cannot 
be evoked by any mjeotion of urea It seems that a ceiiiain supply of aiiieriol 
blood IS necessary to the normal hie of the tubular epithelium, smoe this 
undergoes fatty degeneration and desquamates in consequence of the occlusion 
of the glomeruli. These experiments have been lepeated, an adequate supply 
of oxygen to the tubular epithelium being provided by keeping the frog m an 
atmosphere of pme oxygen. Under these conditions the desquamation of the 
epithelium does not take place, and by injection of urea, a small flow of urine 
can be induced. This must have been secreted by the tubules. 

Begulation of urinary secretion .—In most other glands 
of the body we have seen that their activity was subject to 
nervous influences. The submaxillary gland is supplied by 
secretory nerves, stimulation of which calls forth a flow of 
saliva independently of any change m the blood-stream. The 
conditions in the Iddney however are different. The fmie- 
tion of this organ is to purify the blood of its waste products, 
and hence it is only necessary that the cells should react 
to changes in the composition of the blood. If the blood 
becomes more watery, the excess of water must be turned 
out into the urine; if it contains too much urea or sugar, 
these bodies must be excreted, in order that the blood may 
act as a normal livmg medium, and not as a poison to the 
tissues which it traverses. There is indeed no evidence of 
secretory nerves to the kidney. The urinary secretion is 
conditioned only by the composition and amount of blood 
supplied to it. Injection of water or of diuretics, such as 
sodium acetate or urea, mto the blood, causes an expansion of 
the kidney from dilatation of its vessels, and increased flow of 
urine, until the blood is restored to its normal composition. 
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The nervous system can influence this secretion of uiin©, 
but only by its action on the vessels. In this way may 
be explained the copious flow of dilute urine which may 
occur under the influence of emotions or in hysteria- 
Increased secretion of urine brought about by the applica¬ 
tion of cold to the skin may be due to reflex dilatation of the 
renal blood-vessels. 

In the dog the vaso-motor nerves to the kidney pass 
from the spinal cord chiefly through the anterior roots of the 
11th, l‘2th, and 13th dorsal nerves, and stimulation of the 
peripheial ends of these roots causes shrinkmg of the kidney. 
If slowly repeated rhythmical stimulation instead of the ordi¬ 
nary faradic current be applied to these nerves, swelling of 
the kidney may be produced, showing that these roots also 
contain vaso-dilator fibres. 

On the Woj'k done hy the Kidney 

I have already mentioned certain arguments against the 
hypothesis that the urine is separated from the blood circu- 
latmg in the kidney by a simple process of filtration. A still 
stronger argument however is furnished by the fact that we 
can measure the work done by the kidney in the secretion 
of m-ine, and find that it is very much greater than could 
be accomplished by the pressure of the blood in the renal 
capillaries. 

The measurement of the work done by the kidney depends 
on a determination of the osmoticpi essures of the blood-plasma 
and urine respectively. Before describing these results, it 
will be necessary to say a few words as to what is meant by 
the term ‘osmotic pressuie.’ 

It 13 well known that, if a bladder containing strong salt 
solution be placed in a vessel of distilled water, water passes 
into the bladder by diffusion or osmosis, so that the bladder 
swells and becomes tense. A manometer connected with the 
bladder will show a considerable rise of pressure (osmotic 
pressure). It is evident however that we cannot expect under 
these conditions to get the total possible rise of pressure 
ill the bladder; smce the salt diffuses out of the bladder 
while the water is diffusing in, and moreover the animal 
membrane permits of a distinct filtiation, ^ e. leaks, as soon 
as the pressure within it has attained a certain height. It is 
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necessary then, in order to measure the osmotic pressure of a 
solution, to enclose it in some vessel whose walls will only 
allow of the passage of water, and will not permit salt to pass 
out either by diffusion or by filtration. Such a vessel may 
be made by washmg out a porous cell, first with copper sul¬ 
phate and then with potassium ferrocyanide. An insoluble 
precipitate of copper ferrocyanide is deposited in the pores of 
the earthenware, and it is found that these now allow only 
water to pass through, and are perfectly impermeable to dis¬ 
solved salts. If we arrange such a cell as in the diagram 
(Pig. 219), fill it with 1 per cent. NaCl solution, and then 

Fig 219 


—icdMmometer 
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^nerJ^ssel (Sem^errneahh) 
coniaXTimg 1% SobUxon. 

suspend it in distilled water, we find that water diffuses in 
until the pressure, as shown by the attached manometer, 
has attamed a great height. The osmotic pressure of a 1 per 
cent. NaCl solution is equal to about 6,000 mm. Hg. If by 
artificial means we mcrease the pressure in the cell above 
this height, water will be pressed through the semi-permeable 
walls of the cell, and the solution will become more concen¬ 
trated. In order then to make a 1 per cent. NaCl solution 
more concentrated, we must employ a pressure greater than 
5,000 mm. Hg. 


30 



466 


PHYSIOLOGY 


Now it is found that the osmotic piessures of various solu¬ 
tions depend, not on the nature of the dissolved substance, 
but merely on the number of molecules present in solution 
The osmotic pressure of any solution is in fact equal to the 
pressure which the dissolved substance would exert if it 
occupied the same space in the form of a gas. 

Hence, if we can determme the osmotic pressures of the 
blood-plasma and of the urine, we can estimate what work 
must be done by the kidney cells m order to separate from the 
blood-plasma a fluid having the osmotic pressure of the urme. 

We may take as example an mstance quoted byDresei in 
which 200 c.c. urme had been secreted. The blood-plasma 
in this case had an osmotic pressure equal to a 0 92 per cent. 
NaCl solution. The urine had an osmotic pressure equal to 
a 4'0 per cent. NaOl solution. It may be shown mathemati¬ 
cally that in this case the kidney had performed 37 kilogiam- 
metres of work m the secretion of the 200 c.c. imme. Very 
interestmg is the determmation m this way of the maximum 
force of the kidney. In one case in which a cat had been 
deprived of water for three days, the urme was so concen¬ 
trated that it was equivalent to an 8 per cent salt solution. 
The blood-plasma m the same animal had an osmotic pressure 
equal to 1*1 per cent. NaCl. The difference of osmotic pres¬ 
sures m this case was equal to 498 metres of water, so that 
the kidney had separated the urme from the blood agamst a 
pressure of 49,800 grams per square centimetre. The abso¬ 
lute force of human muscle {%.e. the weight it can just raise) 
is 8,000 grams per square centimetre; hence we see that the 
mammalian kidney can exert a force six times greater than 
the maximum performance of voluntary muscle. 

Some obaervationB of Bradford show that we have not exhausted the 
subject of the functions of the kidney when we have described its action as an 
excreting oigan If m dogs one kidney be hist excised, and at a later period 
half or two-thirds of the othei kidney, it is found that the uime after the 
second operation is largely mcreased in quantity, and contams much more urea 
than it did imder normal oiroumstanoes This urea comes horn the dismtegia- 
tion of the mtrogenous tissues, since the annual wastes rapidly and dies in a 
few weeks An explanation is yet wantmg for the paiadoxical fact that an 
animal with one-fourth its normal amount of kidney substance should form and 
excrete double the normal amount of urea It is evident that the kidneys 
play an important and hitherto unlooked-foi port m nitiogenous metabolism, 
but we ore not yet in possession of sufficient facts to decide the exact extent 
and natuie of this function 
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Section 8 
MICTUBITION 

The urine is secreted continuously, although the amount 
secreted may vary from time to time accordmg to the con¬ 
dition of the animal. Partly through gravity, partly through 
the pressure under which it is secreted, the uxme is driven 
on through the ureters. If these be occluded, the secretion 
of urine contmues until its pressure leaches 60 to 80 mm. Hg, 
when it ceases. This pressure is sufficient to distend widely 
the upper part of the ureters and the pelvis of the kidney. 
In the m’eters, which are muscular tubes Imed with transitional 
epithelium, the urme is driven on by peiistaltic contractions, 
which travel from the upper to the lower part of the ureter. 
These conti actions occur from three to ten times a minute, 
and seem to originate in the muscular substance of the ureter 
itself, smce they are to be seen m an excised imeter. The 
urme m this way gradually accumulates in the bladder ; its 
reflux mto the ureters is prevented by the oblique manner in 
which these enter the bladder, a sort of valvular openmg bemg 
thus formed. At mtervals the urine that is collected m the 
bladder is expelled by contraction of its muscular waU. This 
act of micturition is m the young child purely reflex, and 
dependent on the tension m the bladder. With advancmg 
age however the individual acquires more or less voluntary 
control over the reflex act. It wiU be convenient to consider 
first the purely reflex act of micturition. 

The muscular wall of the bladder is generally described as 
consisting of three coats, an external longitudinal, sometimes 
known as the detmsor, and chiefly marked on the anterior 
and posterior surfaces, a middle coat of cmcular fibres, which 
are better developed towards the base of the bladder, and a 
very mcomplete mtemal coat of longitudinal fibres. In the 
bladder no distinct demarcation can be made between the 
various coats, and a bundle of fibres, which is at first longi- 
tudmal, may dip mwards and run m a circular direction. No 
distinct thickening of the circular coat to form a sphmcter 
can be made out at the vesico-urethral orifice, and on this 
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account the circular muscle-fibres surrounding the prostate 
have been described as an external splibncto vesicai, and 
have been legarded as the chief sphmcter of the bladder. 
This however would leave the female sex entii’ely without a 
sphmcter. Moreover in many animals the prostate is con¬ 
fined to the dorsal side of the urethra, and does not run com¬ 
pletely round it. It has therefore been suggested that the 
urine is retained by the mechanical arrangements at the neck 
of the bladder. Thus if fluid be mjected into the bladder 
through one of the ureters, a point is finally reached at an 
internal pressure of about 120 cm. of water, at which the 
flmd begins to escape from the urethra The same result is 


Fig 220 



observed if the experiment be tried onia dead animal, but m 
the latter case the urethra does not contract after the passage 
of the fluid, and so remains patent and filled with fluid. If 
therefore the experiment be tried a second time, a very small 
pressure suffices to bring about an escape of urine from the 
urethra. On this account also the direction of the tension of 
the bladder-walls is of considerable importance m determmmg 
the amount of pressure necessary to overcome the resistance 
of the urethral orifice. If the abdomen be opened, consider¬ 
able pressure may be apphed to the bladder m a downward 
direction without any escape of urme, whereas if the bladder 
be taken in the hand and drawn up, comparatively slight 
pressure selves to expel its contents. When, as usually occurs, 
the expellmg force is represented by the contracting walls of 
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the bladder itself, the circular and longitudinal fibres both 
co-operate in straightening the vesico-urethral canal and 
forcing a fluid wedge into the beginning of the urethra. 

A recent mvestigation by Kaliacher of the structures at the neck of the 
bladder has bi ought to light the existence of two distinct structures, both 
of which must play some pai*t m the noimal letention of urme. The first 
of these is a dense nag of unstriated muscular fibies, the sphincter tngotiaUst 
which enouole the beginning of the uiethia m an obhque direction, as mdioated 
by the dotted Ime s a m Fig 220, and aie oontmuous with the muscle-fibres of 
the tngonum (the space between the openings of the meteiaj These fibres are 
quite distmct fiom the circular fibiea of the bladder 

Besides this involuntary sphmctei, Kalischer desoiihes another, consisting 
of striated fibres which foim a complete ciiole lound the membranous portion 
of the urethia, and an incomplete img lound the anterioi pait of the prostate. 
This IS the sphiticter urogenitahs. Both stiuctuies, it will be obseiwed, belong 
not to the bladder but to the urethm, of which the tiigonum is genetically 
a part. 

We must now inquire into the mechanism of the act of 
expulsion. As the urme slowly trickles mto the bladda', this 
viscus first relaxes to accommodate the fluid, so that its con¬ 
tents increase without a corresponding rise of intra-vesical 
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Tiacings of rhythmic contractions of urinary bladder (Sherrmgton) 

pressure. With increasing distension however the pressure 
in the bladder begms to rise, and this increased tension on 
the muscular walls has the ordmary excitatory effect on the 
muscle-fibre. Slow rhythmic contractions of the bladder 
make their appearance and increase in force with mcreasing 
tension on the muscular walls (Fig. 221). 

The exact iiomt at which, with ineieasing pressure, this excitatoiy effect 
begma, depends largely ou the late at which the piesauie is laised A bladdei 
which uoimally would hold 260 c c of fluid, will not hold moie than 100 c o if 
injected lapidly by means of a syiinge In each case micturition would begin 
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01 , in the oonsoious animal, feelings of distiess would occur, at the same intra¬ 
vesical pressure, although the amounts of fluid in the two oases oie so veiy 
diffeient 

These rhythmic contractions, causing a waxing and waning 
of intra-vesical pressure, start impulses which travel up the 
afferent nerves of the bladder to the lumbo-sacral cord, and 
here a continual summation of these impulses goes on, until 
finally, as the bladder is contracting, the stored-up impulses 
break through all resistance and give rise to a reflex discharge 
down the efferent motor nerves of the bladder. A strong 
conti-action of all the muscular fibres of the bladder is pro¬ 
duced, causing a rise of pressure to 130 or even 160 cm. of 
water, which oveicomes the resistance of the tissues at the 
neck of the bladder and contmues until this viscus is emptied. 
This evacuation may be aided by an associated contraction 
of the abdominal muscles. Whether or not these events are 
accompanied by an active relaxation of the ‘ sphincter ’ or 
‘ sphincters ’ is still undecided. At the end of the act the last 
drops are expelled from the urethra by rhythmical contractions 
of the permseal muscles, especially the accelerator urinse 
and levator ani, thus emptymg this canal and restoring the 
sphmcter action of the tissues at the neck of the bladder. 

The nerve-supply of the bladder is shown m the accom¬ 
panying diagram (Fig. 222). It will be seen that it receives 
nerves from two sources : firstly, from the upper lumbar 
nerves; and secondly, from the second and third sacral 
nerves. The fibres from the latter source run direct to the 
bladder in the nervi erigentes. Those from the upper lumbar 
cord have a more circmtous course, by the ? arm commumcantes 
to the sympathetic cham, thence to the collection of ganghon 
cells surrounding the mferior mesenteric artery, and from 
this by the two hypogastric nerves to the bladder. 

Stimulation of the upper set of nerves causes a feeble 
contraction of the bladder-wall which, if one hypogastric 
nerve be stimulated, is confined to the stimulated side, 
and is always most marked at the base of the bladder. 
Excitation of the pelvic neives, on the other hand, causes a 
strong contraction of the bladder, which is geneially sujfficient 
to overcome the resistance of the sphmcter, and so brmg about 
micturition. In many animals the upper nerve-supply also 
carries some inhibitory fibres to the bladder-wall. 
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The sensory nerves of the bladder probably run in the 
upper (sympathetic) supply. 

Accordmg to some authom these two sets of fibres aie antagonistic in 
function Stimulation of the hypogaatnc nerves is said to cause contraction of 
the cucular fibres of the bladder-waJl, and therefoie mcieased contraction of the 
sphmcter veaicsB, whereas stimulation of the nervi engentes causes relaxation of 
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Diagiam of neiwe-supply to bladdei (Nawrocki and Skabitchewsky) 

the spliinotei and a stiong contiaotion of the detmisoi unnte The sacial fibres 
aie theiefoie those which are most important for the act of miotuiition The 
whole question of the behaviom of the sphmotei howevei is m need of lenewed 
investigation, in view of the anatomical results mentioned above 

In the adult the processes of retention and evacuation of 
urine are modified and controlled by voluntary effort. The 
normal action of the sphmcter mechanism may be aided by 
the contraction of the permseal muscles which keep the 
urethra closed. The reflex process of evacuation may be 
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set in motion by voluntary contraction of the abdominal 
muscles, by which the pressure in the bladder is increased 
and the normal sphincter action overcome. It is probable 
too that the individual has a certam degree of voluntary 
power over the unstriated muscles of the bladder, and that 
the contraction of the muscular wall may be directly aug¬ 
mented by impulses proceedmg from the cortex to the upper 
part of the lumbar cord. 

This view is favoured by the fact that stimulation of 
the crus cerebri has been observed to cause contraction of 
the detrusor urinsB. In this experiment the abdomen was 
opened, so there could be no question of the contraction of 
abdominal muscles. 
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Seotion 4 

^ f * 

THE SKIN 

The skin, which covers the whole external surface of the 
body, consists of a layer of stratified squamous epithehum, 
the epidermis, resting on a layer of fibrous tissue, the dermis. 
The epidermis is composed of several layers. 

(1) The stratum Malpighn, restmg on the papillae of the 
dermis, and composed of several layers of cells which, 
columnar below, become polygonal and flattened towards the 
surface. 

(2) The stratum granulosum, one or two layers of 
flattened cells with many eleidin granules. 

(3) The stratum lucidum, a layer of flattened nucleated 
hyalme cells. 

(4) The stratum coineum, produced by the conversion of 
the cells of the subjacent layers, and consisting of horny 
scales. 

Keratin^ whioli fonna the mam poit of the homy layer of the skin os well 
os of the akin appendages, suoh as nails, haus, wool, feathers, horns, is an 
insoluble lesistent body closely olhed to the proteins On heatmg with acids it 
gives the same decomposition products as the piotems, viz leucine, tyiosine, and 
other amino-acids as well as the hexone bases It gives the xantho-protoio 
and MiUon’s reactions, but is distinguished from othei proteins by the high 
percentage of sulphur oontamed in its molecule (2 5 to 6 per cent) The 
greater part of the sulphui is present m the form of cystine 

The dermis consists of a close meshwork of interlacing 
white fibres, together with connective tissue cells, blood¬ 
vessels, lymphatics, and nerves. At its under surface it 
passes insensibly into the subcutaneous tissue, which also 
consists of mterlacing fibrous bundles, but with coarse 
meshes, giving a loose texture to the tissue. These meshes 
often contam a large amount of adipose tissue. 

Two forms of glands are found in the skm, the sebaceous 
and the sweat glands. These may be considered separately. 

Sebaceous glands.— always occur m connection with 
the hair follicles. The hairs are formed by a transformation 
of certain cells of the stratum Malpighii, which have grown 
down into the dermis or subcutaneous tissue to form a hair 
follicle. The hairs are always set obliquely. At the neck of 
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the follicle, where the stratum eorneum of the surface skin 
comes to an end, we find the openings of the sebaceous glands. 
These are saccular, with a definite basement membrane which 
is Imed by a layer of columnar cells not differing greatly from 
the lowermost cells of the Malpighian layer. The lumen of 
the gland is however also filled with cells, which are large 
and swollen, staining feebly with heamatoxylm, and presenting 
quantities of fat granules. These degenerated cells are 
the secretion. Instead of the protoplasm of the cell manu¬ 
facturing and storing up the secretion, as is the case with 
salivary glands, it is itself converted mto sebum, the cells so 
used up and destroyed being replaced by proliferation of the 
cells nearest the basement membrane. 

The secretion is composed of various neutral fats mixed 
with fatty acids, and has an acid reaction. It is mteresting 
to note that a considerable amount of the fatty acids are in 
combmation, not with the tribasic alcohol glycerm, but with 
the monatomic alcohol cholesterm These cholesterm fats, 
which are present also to a large extent in lanolm or wool 
fat, have the advantage of not decomposmg readily, so 
servmg as an efficient protection to the skm. 

Eunning from the superficial part of the dermis to the 
under surface of the haii follicle is a bundle of smooth 
muscle-fibres, the arrector pili. Contraction of these muscles 
can be excited by direct apphcation of cold (as in produc¬ 
tion of ‘ goose skin ’) or by the nervous system through the 
pilomotor nerves, and results in erection of the haus. As 
these muscles contract, they press at the same time on the 
sebaceous glands and squeeze out some secretion on to the 
loot of the hair. 

The 0001*80 of the pilomotoi neives has been very thoioaghly woiked out by 
Langley It may be stated as a general mle that they follow the same coiuse 
as the vaso-Gonstrictoi neives, leaving the spinal coid by the antenoi loots 
from second doisal to thud lumbai, and passmg as fine medullated fibies into 
the sympathetic cham by the white rami oommunicantes In the ganglia they 
ond, and new relays of non-medullated fibies, startmg from the ganglion ceUs of 
the sympathetic chain, go by the grey rami to the nerve-roots, in which they 
pass to then* destination m the skm 

The sweat-glands are composed of coiled tubes situated 
in the subcutaneous tissue. Then secretmg portion forms 
about half the coil and is bounded by a basement membiane 
and Imed by a single layer of cubical cells. Between the 
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cells and the basement membrane is a layer of spirally 
arranged smooth muscle-fibres, which are especially well 
marked in the glands of the axilla. The duct is lined by 
two or three layers of cells until it arrives at the epidermis, 
where it is contmued to the surface as a simple corkscrew 
channel between the epithelial cells. 

Sweaty the secretion of the sweat-glands, is a clear colour¬ 
less fluid, with peculiar odour and a salt taste. It is gene¬ 
rally acid in reaction, from the admixture of the secretion of 
the sebaceous glands. If the skm from which it is obtained 
be first thoroughly cleansed, the sweat that is subsequently 
collected has a neutral or shghtly alkahne reaction. It con¬ 
tains a few epithelial scales derived from the skin, and about 
2 per cent, solids, of which sodium chloride makes up the 
greater i)art. Traces of fatty acids—formic, butyiic, and 
propionic—are also present. Under pathological conditions 
ui’ea, sugar, and other substances are found. Many drugs 
after administration reappear in the sweat. 

The secretion of sweat is constantly gomg on. If only a 
small amount is formed, it is at once evaporated, and goes oS 
into the atmosphere as msensible perspiration. If, on the 
other hand, the amount secreted be large, or the sm'roundmg 
atmosphere moist so that evaporation cannot easily take 
place, the sweat collects on the surface of the body as sensible 
perspiration. 

The quantity of perspiration given off is considerable, but 
vanes so much that it is impossible to give an average figure 
for the amount. It is mcreased by imbibition of large quan¬ 
tities of flmd, especially if warm, by a warm atmosphere, or 
by anything which tends to increase the amount of heat 
formed m the body, such as muscular exercise. 

The fact that sweatmg is so constantly associated with a 
warm skin seemed at first to show that the secretion of this 
fluid was called forth by the increased supply of blood to the 
surface of the body and to the sweat-glands. This view 
however is negatived by the fact that sweatmg may comcide 
with a pale ansemic skm, as in the cold sweats of phthisis or 
of the death agony, or associated with mental emotion, 
especially extreme fear. The activity of these glands, as of 
the salivary glands, is under the control of the central nei- 
vous system. Stimulation of the peiipheral end of the cut 
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sciatic nerve of the cat causes abundant secretion of sweat 
on the toes supplied by that nerve. If, on the other hand, 
the sciatic nerve on one side be cut, and the cat asphyxiated, 
sweating occurs in the toes of the other three limbs, but not 
in the limb the nerve of which has been cut. Stimulation 
of the sciatic nerve causes contraction of the blood-vessels, 
so that the secretion of sweat cannot in this case be deter¬ 
mined by an mcreased blood-supply. We can mdeed excite 
secretion of sweat by stimulating the sciatic nerve of an 
amputated leg. 

Secretion of sweat may also be excited reflexly. Pungent 
substances taken mto the mouth may cause abundant per- 
sphation on the face. 

The course of the sweat-ueives m the cat has been inveatigatecl by several 
observeis, especially by Langley In this anmial the hairless pads of the feet 
aie the only parts of the body wheie sweat is secieted The sweat-neives to the 
hmd foot leave the coid chiefly by the onteiioi loots of the flist two lumbar 
nerves, and passing along the white rami to the synipathetio chain make con¬ 
nections with cells m the sixth and seventh lumbai and fiiat two saoial ganglia 
Fiom these ganglia grey rami caiiy the impulses along to the conespondiiig 
spinal nerve-roots and to the sciatic nerve 

The sweat-neives to the fore-limbs leave the coid by the sixth, seventh, and 
eighth dorsal neiwe-ioots, and all have their cell-stations m the stellate ganglion, 
whence non-meduUated fibres carry the impulses to the neives of the bi*aohia, 
plexus and so to the paw The nerve-cell oonneotions of these flbies have been 
determmed by the niootme method aheady desoiibed (p 266) 

The sweat-glands may likewise be affected peripherally. 
Injection of pilocarpine calls forth secretion of sweat between 
the toes, even after the sciatics have been cut. It is found 
that the secretion produced by stimulation of the sciatic is 
much increased by warmmg the air surrounding the toes. 
The importance of this secretion for the regulation of the 
body-temperature will be spoken of m the next chapter. 

Cutaneous respiration .—In the frog, a large amount of 
gaseous mterchange takes place through the skin, so that the 
animal may live a considerable tune after the extirpation of 
the lungs. In man, the skm and dead cuticle are much too 
thick to allow any great mterchange to take place between 
the gases of the blood and the surrounding atmosphere. It 
IS reckoned that on the average from 5 to 8 grms. of CO^ are 
given off by a man from the skin m twenty-four hom-s, and 
a considerably smaller amount of oxygen is absorbed thiough 
the same agency. 
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It was formerly thought that various poisonous products 
wei’e excieted with the sweat, and that retention of these in 
the body might give rise to symptoms of poisonmg. It seems 
however that if a man’s skm be clean, the sweat is perfectly 
innocuous, and it is found that a man may be varnished all 
over without suffeimg much harm. In rabbits, which do not 
sweat, varnishmg the body all over causes lapid death of the 
animal, but this death is due simply to excessive loss of heat, 
and may be prevented by wrapping the animal m cotton wool. 
Varmshing this animal seems to cause dilatation of all the 
superficial capiUanes, and hence a great discharge of heat 
from the surface of the body. The only function of any 
importance therefore, that can be ascribed to the secretion 
of sweat, is the regulation of the heat discharge from the 
body. 
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CHAPTEE XI 

FATE OP FOODSTUFFS IN THE ORGANISM— 
METABOLISM 

Section 1 

PEOTEIN METABOLISM 

Having studied the paths by which the foodstuffs are 
absorbed and waste products removed from the body, it re¬ 
mains to mquire mto the changes that take place in the food 
after its absorption. We assume from our experience with 
the various tissues, especially muscle, that the combustible 
parts of the food are built up, together with oxygen, mto the 
living protoplasm of the cell to form a highly unstable 
molecule with large potential energy. In the breaking down 
of this molecule there is a rearrangement of atoms to form 
more stable compounds, the carbon and oxygen combmmg 
into carbon dioxide with the evolution of energy, which may 
be displayed either as heat or work. 

We are still far from being able to foUow the changes that 
the foodstuffs undergo on entermg mto the living protoplasmic 
molecule Up to this pomt howevei we can, though with 
many gaps m our chain of facts, follow the fate of foodstuffs 
in the body, and a short account of these facts, which are 
grouped together under the term ‘ metabolism,’ is the object of 
the present chapter. 

In all experiments on metabolism we must be able to 
maJie an exact comparison of the Income and Output of the 
body. To this end the food must be weighed and analysed, 
and the oxygen taken in measured by means of some respira¬ 
tory apparatus. The output of the body includes the carbon 
dioxide and water expu'ed by the lungs ; the urme, contam 
iag chiefly the nitrogenous excreta, the faeces , the carbon 
dioxide and water given out by the skm as perspiration, and a 
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slight loss dependent on the wearing away of the cuticle. In 
a balance-sheet of the organism the feaces should be subtracted 
from the mcome, since they represent the undigested parts 
of the food. 

It has been thought that in a normal animal the excreta 
may possibly have a twofold origin, and may come partly 
from the breaking down of the living protoplasm of the body, 
partly from the direct oxidation of the food that is contmu- 
ally bemg taken m. It must be remembered however that 
we have no evidence of any oxidative destructive changes in 
the tissue juices or blood, and that the whole weight of ex¬ 
periment pomts to the cells bemg the sole seat of all meta¬ 
bolic changes. It will be convenient to consider first the 
simplest condition, m which the animal takes no food, m 
order that we may have only the metabohsm of the living 
tissues themselves to deal with. 

In starving animals the income of the body is limited to 
the inspired oxygen and, in most experiments, to a certain 
amount of water. Durmg an experiment of this sort, the 
animal is weighed every day, and the amount of nitrogen 
excreted and carbon dioxide given off by the lungs carefully 
estimated. Pieliminary experiments have shown us the 
amount of nitrogen contamed in muscle, so that from the 
amount of nitrogen excreted we can estimate the degree of 
dismtegration of the muscular tissues that has gone on. 
From the quantity of COg eliminated we can determme the 
loss of the carbonaceous part of the body. This may be 
regarded as composed entirely of fat, smce the amount of 
glycogen and carbohydrates in the body is small m com¬ 
parison with the fat present. These two amounts (proteins H- fat 
lost) subtracted from the daily loss of weight leave a remainder 
which represents the output of water. Adult animals, supplied 
with water only, live for fom‘ or five weeks. During this 
time they suffer giadual loss of weight, and at death have 
lost about 60 per cent, of their weight. The excretion of 
CO3 and water smks contmually until death takes place. The 
urea excretion falls considerably within the first four or five 
days, and then remains almost constant at a low level for 
about four weeks. At the end of the fourth week there may 
be a sudden rise m the amount of urea excreted. At this 
period every trace of fat has disappeared from the body. 
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The animal has no further store of carbonaceous mateiial to 
draw upon, and so must consume the protein of its tissues in 
order to supply the necessary proportion of heat and work. 
In the emaciation consequent upon starvation it is observed 
that the tissues whose energies are most necessary for the 
carrying on of the vital functions suffer least. Thus the 
heart and the central nervous system lose only 8 per cent, 
of their weight. Of the fat, on the other hand, 97 per cent, 
disappears, of the muscle 30 per cent.; and a considerable 
decrease of weight is also observed in the bones, liver, blood, 
and alimentary canal. 

The mtrogen that is elimmated during starvation must 
necessarily arise from the disintegration of the proteins of 
the body. As we have just seen, this amount during certain 
periods of starvation is fairly constant from day to day. It 
might be thought that, if an amount of protein were given to 
the ammal contammg a proportion of nitrogen equivalent to 
that which the starving animal was excreting, the loss of 
nitrogen to the body would be checked, the loss of nitrogen 
m the urme bemg replaced m the tissues by the nitrogen of 
the food. This is however not the case. After the adminis¬ 
tration of the protein to the starvmg animal, the quantity of 
urea excreted is almost doubled, showmg that nearly the 
whole of the protein taken m is dismtegrated within twenty- 
four hours and excreted with the urine. In order to pro¬ 
duce a condition m which the amount of nitrogen eliminated 
18 equal to the amount of mtrogen taken in with the proteins 
of the food, it is necessary to give the animal at least two 
and a half times the amount of protein corresponding to 
the mtrogen that is excreted during starvation. In this case 
the animal is said to be in a condition of 'nitrogenous 
equilibrium.’ 

The condition of the protein metabolism in an animal 
that is living on a purely protein diet and is in a state of 
nitrogenous equilibrium deserves a httle further consideration. 
The fact that, to mamtain the animal in this condition, two 
and a half tunes as much protein is required as is necessary 
to replace disintegrated nitrogenous tissues in the body, has 
been regarded as showing that not all the protein in the food 
can be devoted to this object It has been supposed by Voit 
that the piotein taken m with the food has a twofold destina- 
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tion in the body, part of it going to supply the tissue waste, 
and being built up into the hying protoplasm of the tissues 
(morphotic or tissue protem); while the other and probably 
greater moiety passes into the juices that bathe the proto¬ 
plasmic elements of the cells, and is rapidly broken up and 
oxidised-there without at any time formmg an integral part 
of the protoplasm. This is spoken of as circulatmg protem. 

I have however already drawn attention to the numerous 
experiments on the subject, carried out chiefly by Pfluger 
and his pupils, all of which tend to prove that the sole seat 
of oxidative processes in the body is the living cell. 

Some expeiiments, whioh were oanied out by SohSndorff imdei Pfliigei’s 
guidanoe, aie of espeoial interest m this question Acooidmg to Yoit the 
greater exoietion of urea m a piotem-fed animal is due to the fact that theie 
18 an moi eased ciioulatlon of a fluid that is noh m piotems round the cells 
According to Pfliigei’s views however, the piesence of a gieatei oi less amount 
of piotein in the nourishing medium would not be the determining factoi for 
the amount of urea fomied, which would be regulated simply and solely by the 
condition of the cells themselves To decide this pomt, defibiinated dog’s blood 
was led alternately thiough the hmd limbs and the liver of anothei dog, m 
order to get the pioduots of metabolism of the hmb tissues and then convert 
them mto m’ea by passing the blood through the hver 

1 In one set of expeiiments the blood from a dog that had been starved foi 
five days was led through the organs of a well-fed dog In these expeiiments 
SohSndoi'fl found that, without exception, the urea in the blood was loigely 
increased at the end of the experiment 

2 In a second senes of expeiiments the blood of a fastmg animal was led 
through the hind hmbs and liver of a fasting animal. In these the amount of 
uiea m the blood was unaltered 

3 In a third set blood of a well-fed animal was led thi’ough oigons and liver 
of a fastmg animal In these oases the amount of urea was always diminished 

It was concluded from these experiments that the extent of protem metabohsm 
depends on the nutiitive condition of the cell and not on the condition of the 
protem oontamed m the ouculatmg tissue ]uices 

We must therefore conclude that the whole of the protein 
metabohsm takes place m thehving cells, and not in the lymph 
or blood-stream. How far it is necessary for aU the protem 
to be built up into tissue protem it is however difficult to 
say We may at any late adopt Voit’s view as to the twofold 
destmation of protein, provided that we mtroduce certain 
modifications into his description of the events that take place. 

Protem, as mdeed all food, has a twofold object. In the first 
place the whole of the activities of the body are associated 
with the discharge of energy. The source of this energy is the 
food, and, so far as we can tell, the value of a given foodstuff 

81 



482 


PHYSIOLOGY 


for this purpose is determined, apart from its digestibility, 
solely by its heat value, i.e. the amount of eneigy it wUl set 
free in eombining with oxygen to form the end products of its 
metabolism in the body. 

The heat-values, ^.e. the amount of heat evolved by the 
combustion of one gram of the substance, for the three mam 
classes of foodstuffs are as follows— 

Fats . , . . 9‘8 calories 

Proteins . . . . 6"6 „ 

Carbohydrates. . . 4*0 „ 

In the body, while the combustion of fats and carbohydrates; 
18 complete, part of the protein molecule is oxidised only 
as far as urea, which has a heat-equivalent of 2'6 calories. 
Since one gram of protem gives rise to 0'8 gram of urea, it. 
is necessary, in order to get the real heat-value of protein- 
in the body, to subtract 0-8 from the above figures, giving 
a corrected value for proteins of 4-7 calories. In man and 
herbivora the total needs of the body cannot be satisfied on 
a purely protein diet. In the normal diet given on page 608, 
the protein represents only about one-sixth of the total 
energy of the food. 

The calorie here employed is the amount of heat which is 
necessary to raise the temperature of one kilogram of water 
one degree Centigrade. 

As a source of energy it is apparently a matter of indiffer¬ 
ence whether the organism is supplied with proteins, fats, or 
carbohydrates. 

Par otherwise is it with the other destination of protem. 
The greater part of the living structure of the body is com¬ 
posed of proteins, or of more complex nitrogenous bodies in 
the building up of which the proteins play a preponderating 
part. In the young and growing ammal these tissues are 
constantly bemg added, and the raw material for growth can 
be supplied by protein, and by protein only. Moreover, in the 
period of adult life, when the body is neither gaming nor losing 
weight, every vital act is associated with a certain degree of 
what we may term ' wear and tear ’ of the living structure. 
Few of the cells of the body have a life coternomous with that 
of the whole organism. Most of the cells are continually 
dying and being replaced by fresh ones. Foi this nuin- 
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tional metabolism a supply of proteins in the food is an 
absolute necessity. Every diet therefore must contain a 
certain minimum amount of protem to supply the nutritional 
needs of the organism, while the energy requirements can be 
supplied at the expense of either proteins, fats, or carbo¬ 
hydrates. 

The physiological value, however, of these three classes is 
not entirely expressed by their heat values. The organism 
has the power of storing up any excess of fat or carbohydrate 
above its energy requirements in the form of fat, which can 
be utilised for the future activities of the organism. Its 
power of storing up proteia is however extremely limited. 
In some animals overfeeding with protein may produce a 
growth of muscles, which may be regarded as forming, in 
some sense, a protein storehouse. In most animals, including 
man, this power is practically absent. Load the animal as 
we will with protem, two days of starvation will suffice to 
exhaust any store of protem or nitrogenous materials, and 
the excretion of urea smks to the starvation minimum, its 
amoimt being determined by the size and activities of the 
animal and the amount of fat available for the supply of the 
energy requirements of the body. On the other hand, feeding 
the animal with excess of protein only leads to increased 
excretion of urea. If for mstance a man were taking 10 
grams of nitrogen in the form of protem in the day with a 
sufficiency of fats and carbohydrates to maintain his weight 
constant, he would probably excrete also 10 grams (9 grams 
in the urine, 1 gram in the fteces), and would therefore be in 
a state of nitrogenous equilibrium. On doubling the protein 
intake, the nitrogenous excretion would rise in proportion, Le. 
to 20 gleams, and the man would remain m a state of nitro¬ 
genous equilibrium however much his protein intake were 
increased. The increased protein diet would, however, raise 
his energy mcome above his daily requirements. A certain 
amount of the fat and carbohydrate would therefore escape 
oxidation and would be stored up in the form of fat, and the 
man would therefore increase in weight. It is impossible in 
man to push this experiment very far, since a large excess 
of protein diet gives rise to digestive disturbances, and the 
experiment has to be discontinued. 

It is evident that, given a sufficiency of fatty and carbo- 
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hydrate food, the Tninimrim protein possible m any diet lepre- 
sents the nutritional needs of the body for nitrogen. Many 
experiments have been made to determine this minimum. It 
probably varies considerably m different individuals. Just as 
some machines undergo greater wear and tear, and others 
requii'e a greater consumption of coal to perform a certain 
amount of work, so it is with animals and men, and it would 
be dangerous to lay down ngid laws for diet from observations 
on a few individuals. The minimum amount of protein 
required in any diet may probably be put at about 60 grams, 
though some individuals may keep in good health on a still 
smaller amount. Any protein above this amount may be 
regarded as concerned, together with fats and carbohydrates, 
in supplying the energy requirements of the body. 

The Tninimum need for protein cannot be determined from 
experiments on fasting animals. In these there is often a 
deficiency of fat, and, after a few days, of carbohydrate, and 
the protein metabolism may therefore be concerned, not merely 
in maintaining the nutrition of the workmg tissues, but also 
in supplying a certam amount of the energy required for the 
different activities of the body. 
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Seotion 2 

I’OEMATION OF FAT 

If, while the animal is m a state of nitrogenous equi¬ 
librium, larger amounts of fat or carbohydrates be given than 
are necessary for its daily consumption, the animal mcreases 
in weight, and the excess of carbonaceous material is deposited 
in its body in the form of fat. On a purely protein diet no 
very large amount of fat, if any, is ever deposited in the body. 
A formation of fat from protein, though not proved under 
normal circumstances, has been thought to occur under patho¬ 
logical conditions in the higher animals and in many lower 
organisms. Thus if dogs, that have been starved till all fat 
has disappeared from the body, be poisoned with phosphorus, 
a large increase in the nitrogen excretion is observed, and 
when the animal dies all its organs are found to be in a state 
of fatty degeneration, and to contain two or three times the 
normal amount of fat. In this case there is apparently a 
sphtting up of the protein molecules of the tissues into a 
nitrogenous moiety, which is excreted, and a carbonaceous 
moiety, which is retained in the cells in the form of fat. It 
is more probable, however, that the fat deposited in the cells 
is the product of conversion of carbohydrate or fat molecules 
transported from other cells of the body. Evidence m favour 
of the fat in fatty degeneration of the liver being deposited 
rather than formed %n situ is afforded by the fact that, if the 
poisoned animals be fed with abnormal fats, these fats are 
found forming part of the fat in the degenerated tissue. In 
the ripening of cheese, which is accomplished by the agency 
of low organisms, there is a conversion of protein into fat. If 
the eggs of fly-maggots be allowed to develop on a blood-clot, 
the maggots, when full-grown, will be found to contain ten 
times as much fat as there was previously in the blood-clot 
ftnfl eggs together; so that m this case the maggots have 
been able to convert the protein of the blood-clot into fat. 
We must conclude therefore that proteins may be converted 
into fat in the living organism, although it is very doubtful 
whether any such conversion takes place in the higher animals 
under noimal conditions. 
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It was long doubted whether the fat in the food could be 
directly deiiosited in the body as such. It was supposed 
that the fat in the food exerted merely a sparing effect on 
the fat in the body formed from the proteins—that the fats 
absorljed from the alimentary canal served to supply the 
organism with an oxidisable material, and so shielded from 
oxidation the fat in the tissues that had been formed from 
protein. We have however conclusive evidence that the 
fats taken in with the food can be deposited in the body 
- as such. Thus two dogs were fed, one with linseed oil, the 
other with mutton suet, for a considerable period. The fat 
in the tissues of the former was liquid at 0° C., while the fat 
of the latter had a meltmg-point at above 50°. In another 
experiment, in which a dog had been fed with colza oil, 
erucic acid, which is an mgredient of colza oil, but absent 
from animal fat, was found in the fat of the dog after 
death. 

Not only are neutral fats thus absorbed from the intestine 
and deposited in the body, but also fatty acids. If these be 
administered to an animal the greater part is absorbed, and 
it IS found that m the chyle of the thoracic duct nearly the 
whole of the fat is present as a neutral fat and not as a fatty 
acid, showing that, m the passage of the fat from the intes¬ 
tine through the wall of the villi mto the lacteals, there 
has been a synthesis of fatty acid with glycerm. This is an 
interesting fact, smce glycerin is at no time found fiee in the 
animal body, although we see-that the epithelial cells of 
the intestine can supply sufficient of it to unite with nearly 
the whole of the fatty acid absorbed. 

Long experience has shown the farmer the value of carbo¬ 
hydrates as fattening food. As in the case of fats, the 
question has aiisen whether the carbohydrates are converted 
into fat, or whether they have only a sparing influence on 
the hypothetical fat formed from the proteins of the food. 
That the former is the case is shown by the foUowmg ex¬ 
periment. Two young pigs, ten weeks old, of the same 
litter, with approximately equal weights, were taken. One 
was killed, and the fat and total nitrogen in the body 
estimated. From the amount of nitrogen the maximum 
possible quantity of proteins present was calculated. The 
second was fed on barley for four months. The barley was 
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measured and analysed, as well as the amount of undigested 
fat and protein that passed through the animal. At the 
end of the four months the second animal was killed and 
analysed. It was found that the animal contained 1'66 
kilos more protein, and 8 6 lolos more fat. It had taken 
up with the food 7'49 kilos more protein, and 0‘66 kilo fat. 
If we subtract the protein added to the body (1-56) from 
that taken up with the food (7*49), there is a remainder of 
5'93 kilos which might possibly have given rise to fat. 
But 7’9 kilos of fat had been added in the body—a far 
-larger amount than could possibly have arisen from the 
maximum amount of protein left over for the purpose. At 
least 6 kilos of fat in this experiment must have been 
derived from the direct conversion of the carbohydrates of 
the food. We must conclude that fat can be formed directly 
from carbohydrates, although how and where tliis conversion 
takes place is at present quite unknown. We have however 
parallel instances m the formation of butyric and other acids 
of the fatty acid series from sugar by means of certam 
organised ferments. 

As we should expect, peptones may be used entirely to 
replace the proteins of the food, and the animal will maintain 
or even mcrease its weight on such a diet. 

Gelatin cannot take the place of proteins in the food. 
As we have seen, it differs from ordinary proteins in certam 
important chemical relationships. If given in the food, it 
has, like carbohydrate and fat, a sparing effect on the protein, 
so that nitrogenous equilibrium is attained with a smaller 
amount of protein than would be the case if no gelatm were 
given. If a dog be fed on gelatin and fat, the excess of the 
nitrogen excreted over the nitrogen taken in is less than 
when the same dog is fed on fat alone, showing that the 
gelatin has sheltered from disintegration some protein con¬ 
stituents of the body. It has been said that gelatm can take 
the place of circulating, not of tissue protein. It would 
probably be more correct to say that, containing as it does 
only certam of the ordmary constituents of the protein 
molecule (tryptophane and tyrosine, for example, being 
absent), it can only partially replace protein m supplying the 
nutritional needs of the tissues. 

Since fat represents a store of food in the body, it is 
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evident that a reduction of the fat can he effected only in two 
ways, either by increasing the energy demands of the body, 
as by muscular work, or by diminis hin g the energy supply by 
lessening the food supply, t.e. by starvation. A man of 70 
kilos doing a moderate amount of work needs about 40 
caolries per kilo body-weight each day, %.e. his diet must 
have a heat-value of about 8,000 calories. If this supply be 
reduced, he will begin to use up the supply of energy repre¬ 
sented by the fat of his body; and all the obesity cures take 
advantage of this fact. In some all the foodstuffs are dimi¬ 
nished at the same time ; in others, as in the Banting cure, 
the man is allowed to eat as much lean meat as possible, only 
fats and carbohydrates being restricted. In this case a very 
rapid diminution of body-fat results. This diminution has 
been ascribed to a specific stimulatmg effect of protein on 
metabolism. Such an explanation is unnecessary. A man 
who is eating even five pounds of lean meat a day is being 
starved. "Whereas his daily requirements are 8,000 calories, 
he is getting with his food only 2,800 calories, and as a 
matter of fact no man can continue to eat such large quan¬ 
tities of meat. Three pounds of meat a day, a more usual 
quantity, would have a heat-value of about 1,400 calories, 
and it is not surprising that the organism makes good the 
large deficit by feeding on the stored-up fat of the body. 



PATE OF FOODSTUFFS IN THE OEOANISM 


489 


Section 3 

HISTOET OP OAEBOHTDEATES IN THE BODY 

Normally, the blood of man and dogs contains from 0‘05 
per cent, to 0’15 per cent, of sugar (dextrose). If this amount 
be artificially increased by the injection of sugar into the 
blood, it is found that, as soon as the amount of sugar rises 
above O'2 per cent., the excess is eliminated by the kidneys 
and appears in the urine. After a meal rich in carbohydrates, 
such as the Irishman’s mess of potatoes, a very large amount 
of sugar passes into the blood of the portal vein. Several 
hundred grams however of carbohydrates may be ingested 
without any sugar appeariog in the urme. Again, in the 
interval between meals when no sugar is passing into the 
blood, the amount of sugar remains constant, although we 
have reason to believe that it is incessantly being used up by 
the muscles and other tissues of the body. There must be 
some means therefore by which the overloading of the blood 
with sugar is guarded agamst, at the same time that the 
sugar percentage of the blood is maintained constant during 
periods of temporary starvation. This function is subserved 
by the liver, the great chemical factory of the body. This 
is shown by the fact that, if a solution of dextrose be slowly 
injected mto a mesenteric vein, no sugar appears in the 
urine, whereas glycosuria is at once produced if the injection 
be made into the jugular vem. 

Just as plants have the power of transforming sugar into 
starch, which is deposited as a reserve material in their 
tubers and similar organs, so the liver has the power of 
seizing upon the excess of sugar passing through its capil¬ 
laries and transforming it into a colloidal substance, which is 
deposited in the meshes of the cell-protoplasm. This colloidal 
substance belongs to the group of starches, and is called 
glycogen or animal starch. 

Preparahon of glycogen .—A rabbit is well fed with carrots 
or arrowroot for a couple of days. It is then killed by 
decapitation, the liver cut out and thrown into boiling water. 
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and boiled for about ten minutes. The pieces then 
ground up with sand to a fine paste, returned to the same 
water, and boiled for half an hour. Wliile the mixture is 
still boilmg, a few drops of acetic acid are added mitil the 
reaction is very faintly acid. In this way practically all the 
proteins are coagulated. The mixture is then thrown on a 
filter, and an opalescent fluid runs through containing only 
the merest traces of protein. From this fluid the glycogen is ^ 

precipitated as a white amorphous powder by addition of two - 

volumes of 90 per cent, alcohol. It may be purified by solu- j 
tion in water and reprecipitation by alcohol; it is finally | 
washed with alcohol and ether and dried. It may be freed • ] 

from adheient traces of protem by boilmg with alcoholic ^ 
solution of potash, in which the glycogen is insoluble. ' \ 

The glycogen so obtained is a white powder, free from 
taste or smeU, dissolving in hot or cold water to form a 
strongly opalescent solution. With lodme its solutions give a 
port-wme coloration. It may be distinguished from erythro- 
dextrin by the fact that it is precipitated on saturation with 
ammonium sulphate, or by 60 per cent, alcohol, whereas 
dextrin needs nearly 90 per cent, alcohol for its precipitation. 

Its relationship to starch is shown by its composition 
^2 (CoH,„OJ and by the fact that on hydrolysis it yields dextrins, 
maltose, and finally dextrose. 

In the liver treated in the manner described above we find 
only the merest traces of sugar. If however the liver be left 
for some houis after the death of the animal before extraction 
with boilmg water, the extract will be found to contain much 
less glycogen, but very large quantities of sugar. We see 
that after death a process takes place m the liver by which 
the glycogen is converted into sugar. This sugar is dextrose. 

The jconversion may take place even after the cells have been 
subjected to the action of absolute alcohol for a considerable 
time. This fact shows that the conversion is due to the 
presence in the liver of some substance which may act as an 
amylolytic ferment, converting starch or glycogen into sugar. 

This ferment is destroyed by heat, and it is on this account 
that the liver is thrown mto boilmg water in order to obtain 
the maximum yield of glycogen. 

Cucumstances mfluencing the formaUon of glycogen ,— 

The amount of glycogen present in the liver at any given 
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time is intimately dependent on the food taken. If an animal 
be starved, the glycogen in the liver dimmishes quickly at 
first, and more slowly afterwards. After prolonged starvation 
the liver contains only the merest traces. If a rabbit, deprived 
of glycogen by starvation, be given a meal of carbohydrates 
and killed a few hours later, the hver will be found to contam 
large quantities of glycogen. 

Although carbohydrates furnish the chief material for 
the manufacture of glycogen, yet we have evidence that the 
organism is able to form glycogen out of proteins. If a dog, 
deprived of glycogen by long starvation and work, be fed for 
a few days on a diet of washed fibrin perfectly free from 
carbohydrates, the liver will be found to contain a fair 
quantity of glycogen, though the amount is many times less 
than that formed on a diet of carbohydrates. 

Fats have no influence on the formation of glycogen. The 
glycogen disappears as rapidly in an animal fed on fat alone 
as m starvation. 

Much more efficacious than starvation in causmg dis¬ 
appearance of the hepatic glycogen is muscular work. If a 
dog be starved for a day and be then made to drag a heavy 
milk-cart about all the next day, there will be found only the 
merest traces of glycogen in its liver. 

Glycogen also occurs in the muscles, where it probably 
serves as a local supply of reserve material for the furnishing 
of muscular energy. The glycogen must be conveyed from 
the liver to the muscles and other organs of the body in the 
form of sugar, since we cannot detect any glycogen in the 
blood. The importance of glycogen as a leserve material is 
shown by the fact that it is present in very large quantities 
in embryonic muscle, at a period when the formation of new 
muscular fibres is gomg on most mtensely. 

We may also look upon glycogen as a source of heat. If 
the temperatm’e of a rabbit be lowered by immersing it m a 
cold bath, the glycogen is fomid to have disappeared from the 
liver after a few hours. 
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Glyoosueia 

Under certain circumstances the power of the liver to 
store up the glycogen may be temporarily destroyed. If a 
puncture {p%qiLre, or diabetic puncture) be made in the floor 
of the fourth ventricle between the nuclei of the auditory and 
vagus nerves, the animal for the next twenty-four or thirty- 
six hours wiU suffer from glycosuria; that is to say, sugar 
will pass into the urine. At the end of this time the hver 
will be found to be quite free from glycogen. If, on the other 
hand, the animal be first deprived of glycogen by starvation 
and work, the diabetic puncture will be without effect, showing 
that the glycosuria is due to the rapid conversion of the 
hepatic store of glycogen into sugar. This is turned out into 
the blood-stream, where it raises the percentage amount of 
sugar so high that the excess is excreted by the kidney-ceUs 
and appears in the urme. Temporary glycosuria may be 
brought about by various other means, such as poisonmg by 
strychniue or curare. After administration of chloral and 
some other drugs, a reducing body appears in the urine, 
which was formerly thought to be dextrose. It has been 
proved however that in this latter case the reducmg body is 
not dextrose, but an oxidation-product of dextrose, glymrontc 
ac%d (OjH,oO,). 

It 18 mteiesting to note that, m the foimation of glycuionic acid, the 
oxidation has attacked the end of the molecule fm’thest away horn the aldehyde 
COH gioup, perhaps pomting to the fact that the sugar molecule is attached to 
the piotoploBmio molecule by this, its moat unstable gioup The fonnula of 
COOH 

glycuromo acid is (OHOH)^ It is appaiently bemg constantly formed in the 
OOH 

body m the oxidation of dextrose, although special means ai’e necessary to fix 
it in this stage before it has undergone further decomposition. Thus phenol 
when admmistered to a dog is normally excreted m ethereal oombmation with 
sulphuric acid If however the dog be fed on a farinaceous diet pool m piotems 
the administration of phenol is followed by its excretion m oombmation with 
glycuionw ac%dt t e, an acid derived fiom caibobydiTite metabohsm instead of 
one derived fiom the metabohsm of pioteins. 

The results of the administration of phloridzin throw some 
light on the carbohydrate metabolism of the body. Phloridzin 
is a glucoside found in the root cortex of apple and cherry 
trees. If a certain amount of this be administered to a 
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dog, sugar appears in the urine after a few hours, and the 
glycosuria lasts for two or three days. If the dog be killed at 
the end of this time, the liver and muscles are found totally 
free from glycogen. We might thus come to the conclusion 
that the sugar was derived from the glycogen stored up in the 
body, and from that alone, as is the case after the diabetic 
puncture. But if, when the glycosuria has ceased and the 
body is quite free from stored-up glycogen, a second dose of 
phloridzin be given, a still larger amount of sugar is excreted. 
As the dogs were starved durmg the experiment, this sugar 
must have been derived from protein. Thus we see that 
sugar as well as glycogen may be manufactured in the body 
directly from protem. 

Although both after administration of phloridzin as well 
as after diabetic puncture, there is disappearance of glycogen 
from the liver, the causation of the glycosuria in the two 
cases is quite different. 

The blood normally contains about 0*05 to 0'16 per cent, 
of dextrose. This does not escape into the urine, since normal 
urine contains only minimal tr-aces of dextrose. If however 
the percentage of sugar in the blood rise above 0*2 per cent., 
the excess is at once excreted by the kidneys. Thus a flush- 
mg of blood with sugar (either by excessive absorption from 
the alimentary canal, by artificial injection of dextrose or 
abnormal conversion of the liver glycogen) will brmg about 
glycosuria. 

After the injection of phloridzin however, the amount of 
sugar in the blood is found to be rather diminished than 
increased, and this diminution is most marked in the blood 
of the renal vein. If phloridzin be injected into one renal 
artery, the corresponding kidney at once begins to secrete 
sugar, and the kidney of the opposite side follows smt only 
after some minutes’ mterval. We must conclude therefore 
that the primary action of this drug is on the kidney, exciting 
it to secrete the sugar normally present m the blood, and 
thus reducing the percentage of sugar below normal. The 
matter^however will not rest here. The function of the liver 
is to keep the amount of sugar in the blood normal. As soon 
therefore as it receives the blood which has been impoverished 
in sugar by the abnormal action of the kidneys, it will take 
of its store of glycogen, turnmg out sugar mto the blood until 
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the normal composition of this fluid is restored. And so these 
contending processes will go on, the hver pouring sugar into 
the blood, and the kidneys at once excreting it out of the body. 
This struggle will continue until the hepatic store of glycogen 
is exhausted, and then, if the kidneys are still under the 
. influence of phloridzin, the liver will attack the proteins in 
order to keep up the sugar supply, and there will be a rise of 
mea excretion in the urine which will run exactly parallel to 
the amount of sugar in this fluid. It has been suggested 
that the phloretin, the nitrogenous constituent of phlondzin, 
may act as a carrier of sugar across the renal epithelium, 
combiniug on one side with the blood-sugar to form the 
glucoside phloridzin, which is then broken down again by the 
cells into sugar, which is excreted on the other side, and 
phloretin, which is free to repeat the carrying process. 

In the disease known as diabetes, in which the patient 
passes large quantities of sugar with the urine, the immediate 
cause of the glycosuria is an increased amount of sugar in the 
blood, amounting in some mstances to as much as 0-4 to 0’6 
per cent. Some of these cases may be due to defective power 
of the hver to store up glycogen, so that the excess of sugar 
taken in with the food passes at once into the general circula¬ 
tion, and is excreted by the kidneys. Such cases maybe suc¬ 
cessfully treated by limiting the amount of carbohydrates taken 
in with the food. This however cannot be the explanation of 
the ordinary cases of severe diabetes. In these the patient 
passes sugar even dm'mg starvation or on a pure protem diet, 
just as in the ease of a dog poisoned with phloridzin. In 
these cases glycogen may be found in the liver after death, so 
that this function of the liver is certainly not wantmg. The 
passage of sugar into the urine probably depends on the 
inability of the organism to utihse the sugar taken in with 
the food or split off from the proteins of the body. It is found 
therefore that the excretion of urea is also increased. In 
fact, the man is in the condition of an animal fed on proteins 
alone Since the carbohydrates cannot be utilised, the 
organism has recourse to the proteins to cover the whole 
expenditure of energy, and hence the increased excretion of 
urea. 

Why the power of utilisation of the sugar is defective we 
do not know. It may be that the sugar has to be further 
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elaborated in certain organs before it can be used up by the 
general tissues of the body. Such a function of elaboration 
may possibly belong to the pancreas, smce this organ has 
been found diseased in about one-fifth of the fatal cases of 
diabetes. Whether or not the pancreas is at fault in all cases 
of diabetes is not yet known. There is no doubt however 
that this organ is in some way connected with the sugar 
metabolism of the body. If the pancreas be extirpated m a 
dog, the animal acq[uires severe diabetes, which proves fatal 
in a few weeks. The glycosuria continues even on a pure 
protein diet or during starvation, and under these circum¬ 
stances a constant relation is found between the urea and the 
dextrose, showing that the latter has been derived from the 
disintegration of protein. The same conclusion may be drawn 
from the severe wasting of the muscular tissues which occurs. 
In a little time other abnormal products of metabolism 
appear in the urine—oxybutyric and aceto-acetic acids, as well 
as aceton derived from a decomposition of the latter acid. 
In this respect the pancreatic diabetes resembles the severe 
diabetes of man. The abnormal formation of these acids leads 
in time to an acid intoxication, the animal dying in a state of 
coma, the so-called ‘ diabetic coma.* 

The exact causation of this form of diabetes is unknown, 
although many theories have been proposed, all equally un¬ 
satisfactory. It is necessary to extirpate the whole organ, 
smce partial excision, ligature of the duct, or division of all 
the nerves to the gland does not produce diabetes. On this 
account it has been suggested that the epithelial cell-nests 
(islets of Langerhans) of the pancreas are the impoitant 
structures, whose excision mvolves the production of diabetes. 
Pathologists who have attempted to test this hypothesis by 
an adequate exammation of the pancreas m fatal cases of 
diabetes have arrived at divergent results. We have already 
seen however (p. 829) that these islets in all probability 
represent phases in the activity of the secreting tissue of 
the gland, and do not need therefore to be endowed with a 
special function apart from that of the rest of the gland. 
Moreover we do not get any nearer to a solution of the ques¬ 
tion by saying that the pancreas has an internal secietion, 
since we have no conception how such a secretion may work. 
It has been stated that in pancreatic diabetes the sugar in 
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the urine disappears after excision of the liver, showing that 
in this, as in the other forms of glycosuria, the liver is the 
great sugar factory of the body. 

The whole question of diabetes is however too difficult to 
be dealt with at greater length here. Although the researches 
into its causation have thrown some light on the normal 
carbohydrate metabolism of the body, the light is at piesent 
only sufficient to intensify the black shadows of ignorance that 
obscure almost every part of our knowledge of the subject. 
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Section 4 

THE SOUECE OE MUSOULAE ENEEGY 

It was always maintained by Liebig that the foodstufifs 
might be divided into two main groups—the carbohydrates 
and fats that gave rise to the heat produced in the body, 
and the proteins which were the source of muscular energy. 
This view was however refuted once and for all by the 
classical experiment of Fick and Wislicenus (1866). These 
observers ascended to the summit of the Faulhom, which is 
1,966 metres high. The urine they secreted during the six 
hours’ ascent and during the succeedmg six hours was col¬ 
lected, and from the amount of nitrogen contained in this 
was calculated the amount of protein that was used up durmg 
this time. It was found that in the case of Wislicenus 37 
grms. protein had undergone oxidation. It was calculated 
that the oxidation of this quantity would produce 250 heat 
units (the unit of heat here employed is that amount of heat 
necessary to raise the temperature of one kilogramme of 
water one degree Centigrade). This heat is equivalent to 
about 100,000 kilogrammetres of work. But Wislicenus 
weighed 76 kilos, so that in raising his body to the height 
of 1,966 metres he had performed 76x1,966 = 148,666 kilo- 
grammetres of work. There was moreover a large expenditui’e 
of energy in the movements of the heart and respiratory 
muscles, which is not taken into account here; so that the 
amount of woik done was far larger than could be accounted 
for by the oxidation of proteins. 

If the income and output of a man be compared for several 
days, on some of which work is done, while on others no 
woik is done, it is found that the consumption of oxygen and 
the production of CO 2 are much larger on the working days 
than on the resting days, and that in fact the increased 
oxidation of carbon which takes place is sufficient to account 
for the energy expended. The nitrogen excretion on the 
other hand is only slightly increased. This slight increase 
may be due to the increased wear and tear of the protoplasmic 
mechanism of the muscle, and is not nearly sufficient to 
account for the eneigy expended. 


82 
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If a dog be starved for six successive days, and on the 
last three be made to do hard work, it is found that the 
increase in the excretion of urea on the last two days is stiU 
quite small, As we have already seen, one day’s starvation 
and hard work are sufficient to get rid of all glycogen from the 
body. Hence it is evident that in the last two days the 
greater part of the energy for the performance of muscular 
work must have been derived from fats. We must conclude 
that normally the fats and carbohydrates are the chief sources 
of muscular energy.^ 

If however an animal be fed on a pure protein diet, work 
increases the excretion of urea, since the energy in this case 
has to be derived from the disintegration and oxidation of 
proteins. Muscle draws its energy from all thiee classes of 
foodstuffs. So long as carbonaceous food is supplied in suffi¬ 
cient quantity, or is present in the body in the form of fat or 
glycogen, the muscle chiefly makes use of this for the energy 
required in the contraction. If this is not given, or if the 
carbonaceous stores of fat and glycogen aie used up, muscular 
work must be maintained by the disintegration and oxidation 
of protein. 

In ‘ training ’ for severe muscular exertions it has long 
been customary to give an excess of protein diet. Since in most 
cases the process of training involves the growth of muscular 
tissue, and therefore an addition to the protein structures of 
the body, a certain excess is justifiable. But there seems to 
be no object in increasing the protein beyond what is necessary 
to supply the noaterial for this hypertrophy. A well-trained 
man certainly works more economically {%.g. with less wasteful 
heat formation) than an untramed man, as is shown by the 
respiratory exchanges of the two individuals. But for the 
production of this trained condition of ‘ fitness ’ it is the con¬ 
stant exercise and the healthy life, together with the absence 
of superfluous fat round the muscle fibres, that are the chief 

' But not on a mixed diet, the sole Bouioe The ahsenco of influence of 
moderate exeiciee on the respiiatory quotient shows that in woik an animal 
utilises the same foodstuffs as at lest, % e that the muscle draws its eneigy fiom 
all three classes of food This mcieased katabohsm would be followed by a 
greatei appetite and tbeiefoie incioased intake of all thiee classes Only when 
the income of piotem is lestricted do wo find a spaiing of the piecious piotein, 
so that the eneigy of the contiactmg mubcles appeals to come fiom the combus¬ 
tion of carbonaceous material alone 
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factors, and there is no sufficient proof that a muscle works 
more economically at the expense of protein than at the 
expense of carbohydrate or fat. In fact the ultimate and 
chief source of energy in protein, as in carbohydrates and fats, 
is the oxidation of the carbon of the molecules, and there 
seems to be no advantage to the body in complicating this 
process with the splitting off of nitrogen, or in loading the 
tissues and circulating fluids with the numerous interme¬ 
diate products which occiu in the oxidation breakdown of the 
protein molecule. 
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Section 6 
ANIMAL HEAT 

All the energy that is set free by the decomposition and 
oxidation of the foodstuffs appears as -work or heat. It has 
been reckoned that about nine-tenths of the energy set free 
in the body appears m the form of heat, and one-tenth is 
represented by the work done. In the chapter on Muscle 
we saw that its efficiency as a heat-engine varied within very 
wide limits, the proportion of heat evolved to work done in 
muscular contraction being from 5 : 1 to 26 : 1. Even if we 
take the lowest of these estimates, we see that a very large 
proportion of the heat produced in the body must be evolved 
by the muscles. The inci eased production of heat attendant 
on bodily exercise is familar to every one. If the spinal 
cord of an animal be excited by faradic currents, so as to 
cause tetanic contraction of all the limbs, the production of 
heat in the muscles is so large that the temperature of the 
animal may rise to 110° or 112° Pahr.—a rise which is fatal. 

Next to the muscles in importance as a source^of heat to 
the body is the liver. In fact, under normal circumstances 
the temperature of the blood in the hepatic vem is higher 
than in any other part of the body. Wherever active pro¬ 
cesses of katabolism are going on there is an evolution of 
heat. Probably there is a similar evolution of heat accom¬ 
panying the activity of every gland in the body. 

We must also look upon the brain as a source of heat, 
since thermometers inserted in it may register a higher 
temperature than that of the blood which is supplied to 
the bram. The amount of heat produced here is however 
insignificant compared with that formed in the muscles and 
liver. 

On the processes of metabolism—the decomposition and 
oxidation of foodstuffs—depend the maintenance of life. 
Hence all living animals are continually producing heat and 
imparting it to the surroundmg bodies ; and unless this heat 
production is more than counterbalanced by loss of heat in 
surface evaporation, they must have a higher temperature 
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than the surrounding medium, although the difference may 
not amount to more than two or three degrees m cases where 
metabolic processes are going on sluggishly. 

With respect to their internal temperature, animals may 
be ranged mto two main classes: (1) those which have a 
fixed temperature, which is withm certain limits independent 
of the surrounding medium —homceothemvic animals; (2) those 
in which the temperature varies with that of the surrounding 
medium—jpo^ammals. To the first class belong 
birds and mammals, mcludmg man; they are often spoken 
of as warm-blooded animals. The lower Vertebrata, mcludmg 
reptiles, amphibians, and fishes, and the Invertebrata, belong 
to the second class of poikilothermic animals. 

We must now inquire mto the means by which this 
regulation of the internal temperature in warm-blooded 
animals is effected. The temperature of an animal is the 
algebraic sum of two factors—the amount of heat produced 
and the amount of heat lost in a given time. If, while the 
heat production remains constant, the amount of heat 
imparted to the surrounding medium be increased, the tem¬ 
perature will fall. If, on the other hand, heat loss remaming 
constant, heat production be raised, the temperature wfil rise 
in the same proportion. So the temperature may be regulated 
by alterations in the heat production or in the heat loss; 
and it the temperature is to remain constant, there must be 
an accurate correlation between the two processes. 

Begulat'ion of Heat Production 

The heat production in an animal may be measured in 
two ways, either directly or mdirectly. 

The direct measurement of the heat production in an 
animal is fraught with many difidculties, and it is doubtful 
if any satisfactory form of calorimeter has yet been devised 
for the purpose. In order to determme the heat of com¬ 
bustion of any substance, the ordinary ice or water calori¬ 
meter is perfectly satisfactory. In the case of a mammal 
however we have to mamtam a constant circulation of air 
through the apparatus and otherwise to keep the animal 
under as normal conditions as possible. One of the best 
calorimeters for this purpose is that devised by Haldane and 
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Hale White, in which the heal production of an animal is 
balanced against the heat pi’oduced by burning hydrogen. 
The number of units of heat given off by the animal to the 
apparatus can be diiectly calculated from the number of 
grammes of water produced by the burning hydrogen in the 
same time. 

The caloirmetei consists essentmlly of two precisely similar chambers, 
A and B, each of which has double walls of sheet copper with an intervening air¬ 
space Both au’-apaces communicate with the two limbs of the manometer »r, 
which therefore seiwea as a diffeiential theimometer, the shghtest diffeience 
of temperature m one chambei causmg an expansion of the air and consequent 
displacement of the flmd m the tube Au is led through the chambers by the 
tubes T, leavmg by the tubes t', caie bemg token that the ventilation in both 
chambers is the some. The air is dried before entering by paasmg over pumice 

Fig 223 


A B 



t i t I 


Differential caloiimeter of Haldane, Hale White, and Washboum 

and Bulphuiic acid The air which lea\ es also passes ovei sulphimo acid The 
animal is placed in the cage in b and the hydrogen flame in a lighted, and the 
height of the flame is adjusted by olteimg the ounent of hydrogen until the 
fluid m the manometer m remains absolutely stationary. The heat production 
in the two chambers must now be the same, and can be deternuned by weighing 
the sulphimo acid bottle on the exit tube of a befoie and after the experiment, 
the amount of water formed givmg the quantity of hydrogen burnt and there¬ 
fore the total heat produced 

The practical carrying out of these experiments involves 
BO many difficulties, that in most cases it is more convenient 
to have recourse to the mdirect method, ^.e. to measure the 
output of the animal m CO^ and the income of oxygen, and, 
judging from the respiratory quotient the character of the 
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foodstuffs destroyed, determine from the known heat of 
combustion of these foodstuffs the total heat production of 
the animal during the experiment. The data will of course 
be more accm'ate if the urea excretion be also measured and 
taken as an mdex to the protein used up. 

It has already been mentioned that, if a frog or other 
cold-blooded animal be exposed to a higher temperature, its 
internal temperature will also rise. If, at the same time, 
we measm'e the respiratory interchanges of the frog, we find 
that at the higher temperature more carbon dioxide is 
evolved and more oxygen taken up, showing that in this 
case a rise of temperature m the surrounding medium causes 
a rise in the temperature of the frog, and at the same time 
increases the activity of its metaboHc changes. Coohng has 
the reverse effect. If a frog be cooled to 0° C., the chemical 
changes in its tissues are so reduced that it may be kept 
alive for some days in an atmosphere devoid of oxygen. 
The case is quite otherwise with warm-blooded animals. 
Exposure of one of them to a cold medium raises the amount 
of carbon dioxide given off and oxygen taken in, while the 
temperature of the animal remains unaltered. This power 
of the animal to react to changes in the temperature of the 
surrounding medium is dependent on the integrity of the 
nervous system and its connection with the muscles. If a 
dog or rabbit be poisoned with curare (which paralyses the 
muscle end-plates), or if its spinal cord be divided just 
below the medulla, its temperature sinks contmuously. It 
is then found that the animal reacts to changes in the 
temperature of the surrounding medium precisely like a 
cold-blooded animal—rise of the external temperatuie 
causing rise of the internal temperature and mcreased 
elimmation of 00^,, while a fall of the external temperature 
has the reverse effect. 

It IS still a subject of debate, what is the exact nature 
of the action of the central nervous system on the heat 
production of the body. It is evidently effected through 
the muscles, and, partly at all events, by means of muscular 
contractions. The mcrease of the tone in the muscles, and 
the general sti’ingmg up of the body after a cold bath, are 
an example of this. If the cold be more severe, the reflex 
contractions are more pronoxmced, and take on a clonic 
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character, as shivering and chattering A man too has 
recourse instinctively to muscular exercise to ward off the 
effects of extreme external cold. It has been thought how¬ 
ever that the nervous system has a distinct influence on the 
thermogenic properties of muscles apart from its action in 
producing muscular contraction; and that nervous impulses 
may call forth chemical changes in the muscle which give 
rise to heat and heat only. This view is supported hy 
several phenomena, such as the increased production of heat 
in fevers, accompanied by a rapid wasting of the muscles, 
although the muscular tone in these cases is depressed 
rather than heightened. If the anterior part of the corpus 
striatum be pricked or stimulated, the animal suffers from 
pyrexia or rise of mternal temperature for a day or two; 
and this rise is accompanied by mcreased ehmination of CO 2 
and production of heat. No special motor phenomena are 
observed in these experiments, and it has therefore been 
concluded that the increased heat production is due to a 
direct thermogenic action of the injmry. 

Begulahon of Heat Loss 

Par moie important however than the regulation of the 
temper alure by the production, is the regulation by the loss of 
heat. The channels of loss of heat may be classified as follows: 

1. By the urine and fseces. In the warming of the food 
and drink taken into the body, there must be a certain 
abstraction of heat from the tissue suiroundmg the alimen¬ 
tary canal, though this heat is not lost to the body till the 
warmed urine and fseces leave it. The amount lost in this 
way has been calculated to be about 3 per cent, of the total 
heat loss. 

2. By the inspired air. The inspired air is taken in at 
the temperature of the surroundmg atmosphere, and contains 
only a small amount of aqueous vapour. The expired air 
has a temperature of about one degree lower than the body 
temperature, and is saturated with watery vapour. Heat is 
therefore lost in respiration in two ways: 1st, in warmmg 
the inspired ah , and 2nd, in the evapoiation of large quan¬ 
tities of water These two sources of loss constitute about 
20 per cent, of the total heat loss. 
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8. By the skin. Here again the loss of heat is effected 
in two ways. 1st. By radiation and convection. By these 
means an interchange of heat takes place between the sur¬ 
face of the body and surrounding objects, tending to cool the 
body under ordinary circumstances when the external tem¬ 
perature is below 98*4° F., or 37° C., or to warm the body 
when the external temperature is higher than this, as during 
the hot season in the tropics or in a Turkish bath. The 
amount of interchange of heat between two bodies is directly 
proportionate to the difference of temperature between them. 
Thus the warmer the surface of the body m comparison with 
that of surrounding objects, the greater will be the amount 
of heat mterchange, which m this case implies a loss of heat 
to the body. Since very little heat is generated in the skm 
itself, its temperature is intimately dependent on the amount 
of blood flowing through it, and this m its turn on the con¬ 
dition of the blood-vessels of the skin. When these are 
dilated, there is a constant supply of warm blood from the 
deeper parts of the body to the skm, which therefore is kept 
warm and feels warm, both subjectively and objectively. 
Hence dilatation of the blood-vessels of the skin, under normal 
circumstances, brmgs about increased loss of heat. If, on the 
other hand, the vessels are constricted, the small amount of 
blood supplied to the skin rapidly becomes cooled, and the 
skm is also cool, and the loss of heat small. 

2nd. By the evaporation of the sweat. In the conversion 
of water into watery vapour a large amount of heat becomes 
latent. This principle is made use of in making ice, or in 
cooling a bottle of water by surroundmg it with damp cloths 
which are exposed to a draught of air to facilitate evapora¬ 
tion. If the secretion of sweat is small it evaporates as it 
is secreted, and the skin remains dry. This is spoken of as 
insensible perspiration. If the secretion be very copious it 
may be formed faster than it can evaporate, and appears on 
the skin as drops of sensible perspiration. The formation of 
sensible perspiration depends then on two factors—the 
amount of sweat secreted, and the rapidity of evaporation, 
which latter again is dependent on the amount of saturation 
of the surroundmg atmosphere with watery vapour. 

The loss of heat by the skm amounts to about 77 per cent, 
of the total heat loss, and is therefore the most important of 
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all the cliamiels for the discharge of heat. The regulation 
of the total heat loss is also effected chiefly by changes in 
the loss through the shin. The nervous channels by which 
this is carried out are the vaso-motor and the sweat nerves. 

If the external temperature be below that of the body, the 
loss by radiation and convection may be sufidcient to get rid 
of the excess of heat produced. If however the external 
temperature be higher than that of the body, radiation and 
convection will serve only to warm the body stiU furthei, 
and the sole loss of heat that can be effected is by the 
evaporation of sweat, which is accordingly under such cn- 
otimstances secreted in large quantities. 

Often, especially after severe muscular exercise, radiation 
and convection are not sufficient to carry off the excess of heat 
produced, and hence there is a copious secretion of sweat 
as weU, even though the external temperature may be cool. 

The. evolution of heat is aided under such circumstances 
by two factors, viz. quickened and deepened respiration, by 
which a greater volume of air is warmed up to the body 
temperatmre at the expense of the body beat; and quickened 
heart-beat, by which more blood is driven through the dilated 
cutaneous vessels, and so a rapid loss of heat at the sm'face 
Ijrovided for. 

In the dog, where there are no sweat-glands on tJie 
general skin, and the loss of heat by conduction and radia¬ 
tion is checked by tbe thick hairy coat, the quickening of 
respiration is the most important means for getting rid of 
the surplus heat produced in the body, and hence the pant¬ 
ing and apparent distress of these animals m hot weather. 

The extreme range of temperatures in a healthy man at 

rest is between 36*1° C. and 37'8° 0. 

So perfect is the adaptation of the heat loss to the heat 
production, that a man may travel from the poles to the 
equator, may eat or fast, take exercise or rest, without causing 
any lastmg alteration in his temperatm-e of 1“ C., though 
violent exercise may induce in many individuals a temporary 

rise of temperature of 2° 0. out 

The temperatm-e of man, which varies from 97-8° h. to 
98'4° F-, undergoes certain diurnal variations, which are 
important, since they are reproduced in an exaggerated form 
in many fevers. The temperatmre is lowest between 2 and 
4 a.m., and highest in the afternoon between 4 and 6 p.m. 
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Section 6 

THE NOEMAL DIET OF MAN 

To maintain a man m perfect health it is necessary that 
his food shall contain examples of the five different sorts of 
foodstuffs—^protems, carbohydrates, fats, salts, and water. 
The first three classes serve as sources of energy to the body. 
Salts and water are equally necessary, although they cannot 
serve as sources of energy. 

Water forms an integral part of all living protoplasm; 
and the phenomena of life, even in the lowest organisms, are 
dependent on an adequate supply of this substance. Apart 
from its function as a constituent of protoplasm, it is also 
essential as a medium for carrying the foodstuffs to the 
tissues, and the waste products from the tissues and out of 
the body. We have seen that water, in bemg discharged 
from the body, has two functions—as a solvent of the effete 
nitrogenous and other material contained m the m-ine, and 
as a powerful means by which the excess of heat produced 
m the body is dissipated. To supply this loss water must be 
a constituent of the foodstuffs. 

The exact part played by salts in the body we do not 
know, although it has already been shown that the presence 
of calcium salts is a necessary condition for two physiological 
phenomena—the clotting of milk and of blood. It has been 
shown moreover that a frog’s heart will go on beating for 
many hours if fed with a solution containing phosphates 
and chlorides of jiotassium, sodium, and calcium, although, 
if any one of these salts be absent, the heart soon comes to 
a standstill. Of the salts present in the body and taken m 
with the food, sodium chloride forms the largest quantity. 
The presence of potassium and phosphates however seems to 
be of more importance in the active phenomena of proto¬ 
plasm, since these are found in largest proportions in organs 
consistmg chiefly of cells with very little interstitial sub¬ 
stance. It will be remembered too that potassium and phos¬ 
phoric acid are the leading base and acid present in muscle 
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and m blood-corpuscles. An animal, if fed on a diet free 
from salts, dies almost as quickly as an animal that is starved. 

At an early period of life the human animal, as all mam- 
maha, is fed exclusively on milk, and the composition of milk 
agrees almost entirely with the ideal composition of the 
normal human diet, that has been worked out by numerous 
authorities as the result of many laborious experiments. 
Thus it has been found that a man may mainkain himself in 
perfect health, neither gaining nor losing weight, on a diet 
consisting of— 

Proteins 100 grms. 

Fats . , 100 „ 

Ooibohydrates . . 240 „ 

Salts and water 

In cow’s nulk we find that for every 100 grms. of protein 
we take m 107 grms, fat and 140 grms. carbohydrates. 

In human milk, for every 100 grms. protein there are 
170 grms. fat and 270 grms. carbohydrates. 

The followmg table represents the average compositions of 
human and cow’s milk : 


Casemogen and lactalbumen 

Hnmaii 

2 

Oo\\’a 

. 4 

Fats 

2 76 

4 

Laotose (sugai of milk) 

5 

44 

Salts 

. 0 26 

00 

Total solids 

10 

13 

Water . 

90 

. 87 


Milk when fresh is shghtly alkaline or neutral. On 
standiug exposed to the air the lactose is converted by the 
agency of micro-organisms into lactic acid. The milk hence 
becomes sour, and the casemogen is precipitated. 

Human milk has a specific gravity of 1026 to 1035. 

The proteins of milk consist of casemogen and lactalbu- 
men. Casemogen, which forms by far the greater quantity, 
is a complex protein belongmg to the group of phospho-pro- 
teins. From milk it may be precipitated by the addition of 
acetic acid or weak mineral acid. When purified it forms 
a snow-white powder, insoluble in water, but easily soluble m 
dilute alkalme solutions, such as soda, ammonia, lime, or 
baryta water. From these solutions it may be reprecipitated 
by neutralisation. The purified casemogen when moist has 
the power of expelling COg from certam carbonates, and 
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is therefore looked upon as a weak acid. In the milk, 
caseinogen occurs in combination with calcium. Its power 
of clotting with rennet ferment has been already described 
(p. 823). 

Lactalbumen, which resembles very closely serum albumen, 
is present only m traces in cow’s milk, but in much more 
considerable quantities in human milk. The relatively smaller 
amount of caseinogen in human milk probably accounts for 
the fact that the clot produced by rennet in the latter is 
flocculent, and does not form a firm compact mass as in cow’s 
milk. 

Fats occur in milk in the form of minute droplets of 
various sizes. It is the presence of these which gives to 
milk its brilliant white appearance. If milk be allowed to 
stand they rise to the surface, forming the layer of cream. 
The droplets are probably prevented from running together 
by being surrounded with a protein envelope, or perhaps 
this is effected simply by the physical nature of the solution 
of caseinogen in which they are suspended. If cream be 
beaten or churned, this physical condition is overcome, and 
the fat droplets run together to form a mass known as butter. 
The fats of milk or butter consist of the glycerides of stearic, 
palmitic, and oleic acids, with traces of the glycerides of 
capric, caprylic, capronic, and butyric acids. 

The carbohydrates are represented by lactose (CigHgoOn) 
or milk-sugar. This is much less soluble m water than cane- 
sugar, and is only faintly sweet. It reduces Fehling’s solu¬ 
tion, but does not reduce Barfoed’s solution. It forms with 
phenylhydrazme an osazone which is fairly soluble in water 
On boiling with dilute acids it takes up water and is con¬ 
verted into equal parts of dextrose and galactose: 

C12H22O1, -f HgO = GqHjjOq -i- 

Dextiose Galaotose 

Under the influence of the lactic acid organism it is con¬ 
verted into lactic acid . CiaHjaOi, -h HgO = 4 C 3 HQO 3 . This 
lactic acid is, like the acid of muscle, an ethylidene lactic acid, 

CH3 

i 3 H(OH), but, unlike this, is optically mactive. The souring 
iooH 

of milk is due to this conversion of lactose mto lactic acid. 
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The salts consist chiefly of the phosphates and chlorides 
of sodium, potassium, calcium, and magnesium. Of these 
calcium is present in the largest quantities to supply the 
material needed for the rapidly growmg hones of the young 
animal. The potassium occurs in far larger amount than the 
sodium, as would be expected from what has already been 
said concerning the part played by potassium in the functions 
of living protoplasm. 

Milk also contains small traces of iron m combination with 
some protein body. 

The food of the adult consists chiefly of meat, eggs, cereals, 
and green vegetables. 

The following may be taken as an example of a complete 


diet (Waller): 

Oubou 

l^ltiogou 

11 pound biead 

117 grms 

., 6 6 giTna. 

Foundation J ^ pound meat 

84 „ 

.. 76 „ 

[ J pound fat 

84 „ 

. — 

( 1 pound potatoes 

45 „ 

13 

, i pint milk 

Accessories-^: i 

J pound eggs 

20 „ 

15 „ 

17 „ 

2 

pound cheese 

20 „ 

3 n 


335 

21 


This diet is considerably more libeial than that given on 

p. 608. 

Meat consists of several animal tissues. Muscular tissue 
forms the greater part of it, though it also contains white 
fibrous tissue m the connective tissue and aponeuroses, and 
some interstitial fat. There is also a greater or less quantity 
of fat surrounding the muscles. Meat m its most general 
sense therefore compiises proteins (myosin and albumen), 
fats, collagen or (in cooked meat) gelatin, and minute traces 
of carbohydrate, as glycogen or sugar.^ 

Eggs consist of two parts, the white and the yolk. The 
white is simply a solution of egg albumen, with a small 
amount of globulin and ovo-mucm, enclosed in delicate 

* Lean beef oontaiua m every 100 paits— 


Protems 

18 36 

Gelatimfeious substances 

164 

Fat 

0 90 

Extiactives 

0 90 

Ash 

130 

Water 

76 80 





FATE OF FOODSTUFFS IN THE OEQANISM: 


611 


membranes. The yolk contains a peculiar phosphorised 
protein, vitellin, a large amount of fats, salts, and traces of 
sugar and iron. The latter, as in the case of milk, is present 
in a complex organic compound alhed to the nucleo-proteins. 

A hen’s egg weighing 63 grms. (aTerage weight) contains 
31 grms. of white of egg (albumen and water with a small 
amount of globulin), 16 grms. of yolk, and 6 grms. of egg¬ 
shell. A man would have to eat twenty eggs a day in order 
to obtain the amount of protein given in the standard diet on 

p. 608. 

The vegetable articles of diet are distinguished from the 
animal in containmg a much larger proportion of indigestible 
material, chiefly consisting of cellulose. This also encloses 
much of the digestible portions of the vegetable, so that these 
also pass out in the fesces undigested. On this account a 
certain amount of vegetable food is of importance in the 
normal dietary, since the indigestible residue increases the 
bulk of the fseces, and aids the normal action of the bowels. 

The cereals are the most important class of vegetable 
foodstuffs. They include wheat, bailey, rye, oats, maize, and 
rice. Wheat-flour, out of which bread is made, contains pro¬ 
teins, carbohydrates, and a small amount of fat (less than 
2 per cent.). The proteins, forming about 12 per cent., aie two 
in number—a protein belonging to the class of globulins, 
soluble in 10 per cent. NaCl, and an albumose. On treatment 
of flour with water a change takes place in these proteins, and 
the flour becomes sticky and ‘ doughy.’ In the dough two 
proteins are found— gluten, or vegetable fibrin, and a sticky 
body, gl&badm, which is soluble in alcohol, and gives the 
reactions of an albumose. The caibohydrates consist almost 
entu’ely of starch, which forme about 70 per cent, of wheat- 
flour. 

Bread is made by moistening flour with water, so as to 
form dough. This is mixed with some dough which has been 
made previously, so that the diastase contained in the flour 
has had time to act on the starch, converting this into dextrin 
and maltose. The mixed doughs are then kneaded with a 
little yeast, and set in a warm place to ‘ rise.’ By the action 
of the maltase of the yeast, the maltose is converted into 
dextrose, and this is decomposed by the yeast with the forma¬ 
tion of alcohol and carbon dioxide. This latter forms little 
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bubbles in the dough, causing it to swell up. The raised dough 
is then baked. In the latter process the starch, exposed to 
a temperature of 200° C. to 270° C., becomes partly converted 
into dextrin, and is therefore rendered soluble in water. 

Green vegetables are chiefly valuable in the human dietary 
owing to the large proportion of salts and cellulose in them. 
Potatoes consist nearly entirely of starch, and contain very 
little protein. Hence to support life by this means alone 
very large amounts must be taken. It must be remembered 
that starch-grains are enclosed in a series of cellulose enve¬ 
lopes, and are therefore indigestible when raw. On boiling 
the starch-grains swell, rupturing these envelopes, and the 
opalescent semi-solution of starch thus formed is easily acted 
on by the digestive juices. 
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CHAPTEE XII 
THE ETTCTLESS GLANDS ' 

Under this title have been grouped a number of organs, the 
sole resemblance between which lies m the fact that we know 
very little about them. Since ^however they seem to exert 
important though obscure influences on the nutrition of the 
body, they may be fitly discussed after the chapter on 
metabolism. In many instances theji’ functions seem to be 
t^o furnish an ‘internal secretion* to the lymph or blood 
which leaves them. This is almost certainly the case with 
the thyroid gland, but the exact nature of the secretion or its 
action is in all cases very difficult to determme. It may act 
as an antitoxm to certain poisonous products of the normal 
activities of ^the tissues, or as a necessary physiological 
stimulus to the gi’owth or the noiTnal functions of one or 
a group of tissues. 

The chief ductless glands are the spleen, th 3 nroid, thymus, 
and guprarenal capsules, but besides these, other glands, such 
as the p ancrea s, o varies , t estes , have been thought to influence 
the body by means of mternal secretions. We have also to 
mention the small bodies of unknown function such as the 
p i^uiianvj ydy, the gh^eal^body, the parathyroids, the carotid 
and coccygeal glands. 

The Spleen 

This organ is similar in many respects to a lymphatic 
gland. It is formed of a framework of connective tissue and 
unstriated muscular fibres, in the interstices of which is con¬ 
tained the splenic puljp. This consists of a fine fibrillar net¬ 
work, on the fibrils of which lie endothelial cells, '^’he meshes 
fiplltam the cells of the . splenic pulp, which aie fairly large 
polygonal cells„^!nd l^ocyte^s. Just as m a lymphatic gland 
the cellular elements of the tissues are bathed by the lymph 

33 
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which hows thiough the gland, bo m the spleen the walls of 
the capillaries become discontinuous, and the blood is poui’ed 
out into the interstices of the tissue. The spleen is therefore 
the only tissue in the body where the blood comes m actual 
contact with the tissue-elements themselves. The blood from 
the splenic pulp is collected into large venous smuses, which 
run along the trabeculse to the hilum, where they unite to 
form the splenic vein. The arteries to the spleen aie beset 
in theii* course along the trabecules with small nodules oi 
lymphoid tissue, which are known as the Malpighian follicles. 

It is evident that the blood must meet with considerable 
resistance in passmg thiough the close meshwork of the 
splenic pulp. To ensuie a constant ciiculation through the 


Pia. 224 



Plethysmogiaphic tracing of spleen (uppei cuive) fiom dog, showing 
the spontaneous contiactiona of this oigiiu (leduoed from a tiacing 
by Schafei) 


gland, we find that the muscular tissue of the capsule an( 
trabeculsB has the property of rhythmic contraction. If th 
spleen be enclosed m a plethysmograph, or splenic oncometei 
and its volume be lecorded by connectmg this with th 
oncograph, it wiU be seen that it is subject to a series o 
large, slow vaiiations, each contraction and expansion last 
ing about a minute, and recmrmg with great regularity 
(Fig. 224) Superposed on these large waves are seen th 
smaller undulations due to the respiiatoiy variations of th 
blood-pressure, and on these again the little excursion 
correspondmg to each heart-beat. The contractile power c 
the spleen is under the control of the nervous system, an 
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a rapid contraction may be mduced by stimulation of the 
splanchnic nerves. 

Functions of the Sxileen 

The structure of this organ suggests that the splenic 
cells must exercise a constant mfluence on the blood which 
surrounds them, and that this influence is not purely o£ a 
chemical nature. In the hver and kidneys, which exercise 
so powerful an effect on the composition of the blood 
passmg through them, the proper cells of the organs are 


Fig. 225 



Celia JEiom a aoiapmg of the apleeu (Kollikei). A, splenic pulp cell 
containing lecl bloocl-coipusoles, b (k = nucleus), B, leucocyte 
with polymoipilous nucleus, 0, pulp-cell containing dismte- 
giatecl red ooipusclcs, D, lymphocyte, E, giant-oell, F, 
nucleated led coi-pusoles, G, noimal led ooipuscle, H, multi- 
nucleai leucocyte , J, eosmophile cell 


separated from the blood-stream by the capillary wall. 
Microscopic examination of the cells of the splenic pulp 
shows us that these aie full of particles of bro^vn pigments 
or fragments of red corpuscles (Fig. 226). In many cases 
of infectious disease, such as recurrent fever, the splenic 
cells are observed towards the end of the attack to be full of 
the organism—spirillum—which is the cause of the disease. 
In fact, these cells are so arranged that they can take up 
solid particles held in suspension in the blood-plasma. We 
must indeed look upon the spleen as the gi-eat blood-filter, 
pui’ifymg the blood in its passage by takmg up particles of 
foreign matter and effete red corpuscles. The process of 
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plm^otyttjsib, ^^hlch was described under Inflammation, is in 
lilt hidteii a iiurnial uccuiTeiice. 

A function has also been assigned to the spleen in the 
funnation of red blood-corpuscles, but the evidence is not 
biiflicitnt to determine whether such a process occurs 
iionnalh. 

Chemical analysis of the spleen reveals the presence of a 
large number uf what aie called extractives, such as succinic, 
formic, butyiic, and lactic acids, inosit, leucine, xanthine, 
liyiH.ixanthine, and uiic acid. Theie is also a protein allied 
to alkali-albumen, cumbnied with iron, as well as several 
pigments probably deiived from the haemoglobin of the red 
corpu'ieleB destroyed by the cells of the splenic pulp. The 
fact tliat, m cases vhere the spleen is pathologically enlarged 
as in leucocythiemiii, the uric acid in the ui’ine is largely 
increased, i>omts to a connection between the spleen and the 
formation of uiic acid m the body. The numeious extrac¬ 
tives \\hich are foimed probably owe their origin to the 
destructive changes effected on the effete constituents of the 
hloud by the agency of the splenic pulp-cells. 

The Timius Gland 

The thijmu'> is a body situated in the anterior medias- 
tuiiim: it ib iicbly supplied with blood-vessels, and is com- 
IKisecl of modilieJ lymphoid tissue, which is peculiar in con¬ 
taining epithelial remnants known as Has sairs corpuscles ^ 
and derived from the epithelium of the liTanchial clefts of 
the einlirvo. It ib only of importance m early life ; it is 
relatively large in the fa*tus, and iucieases in size during the 
th^t two yeau after biith. It afterwaids atrophies, and in 
adult life IS lepre-eiited by a small coUection of adipose 
Ub^ut Ilf 11 ^ fiuictiuu we know nothmg. It is supposed 
to W nf impuilauce in the foimatiou of blood m the young 
aniuial. Iium the thymus a body can be extracted (tissue' 
hhnnMgeii^ wliuli, injected mto the veins of an animal, causes 
mtui\ . 1^1 uku ilutting. Tins fact however does not throw any 
\^ht ..u the normal functions of the gland, since a similar 
nun h, cMiactKlfrom almost any organ that is rich 
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The Thyroid Gland 

The thyroid was probably at one time in the history of 
the race a secretmg gland in connection with the alimentary 
canal. In the developmg annual it is formed, like the 
pancreas and liver, as an outgrowth fiom the fore-part of the 
ahmentary canal. Long before the end of fcetal life how¬ 
ever, its duct becomes obliterated, and each acinus becomes 
closed. In the adult it consists of two oval lateral lobes 
lymg on each side of the upper part of the trachea and 
united across the front of this tube by a middle lobe or 
isthmus. Each lobe is made up of a number of vesicles of 
various sizes imbedded in connective tissue, which carries 


Fig. 22G 



Section of thyioid gland of dog. (Swale Vincent) 


the blood-vessels, nerves, and lymphatic vessels of the gland. 
The vesicles are lined by a single layer of cubical epithelium 
and filled with a peculiar hyaline material known as the 
colloid substance (Pig. 226). Li some cases this colloid 
material can be seen to extend between the lining cells into 
a neighbourmg lymphatic vessel. The same path is often 
taken by artificial injections, sothit it seems probable that the 
lymphatics may be regarded as the efferent ducts of the gland. 

The colloid substance contains a nucleo-albumen, and a 
substance known as thyroiodm, owing to the fact that it 
contains iodine m organic combination with protein. 

Although its primitive function of secretion is lost, it ]s 
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still of the utmost importance in the metabolism of the body. 
If the thyroid gland be totally extirpated in young animalSj 
tbe operation is followed after a short time by severe sym¬ 
ptoms, oonsiatmg of fibrillar twitchings and spasms of the 
musflos, attended with weakness and stupor. These effects 
usually terminate in the death of the animal. In man it 
lias been shown that a disease (myxcedema) occurring in adult 
life is dependent on the atrophy of this gland. The main 
Hjmiptouis of this disease are generally stupidity and slowness 
of speech of the individual, slow pulse, subnormal tempera¬ 
ture, and a thickening of the subcutaneous tissues, so that 
the patient at first sight looks dropsical. All the processes 
of the body are slowed. The nitrogenous metabolism is 
diminished, as shown by the lessened outflow of urea i men¬ 
struation in women ceases, the hair falls out, and the skin 
beconiOH dry and harsh. 

Cretinism is also associated with absence of the thyroid 
gland. A cretin remams a childish idiot all his life, and 
preserves his childish appearance. In these cases small 
fatty tumours are often found on each side of the neck just 
above the clavicle. We are absolutely unable to explain 
the connection of these manifold symptoms with the absence 
of the thyroid gland. There seems to be no doubt however that 
they are due to the absence in the body of some substance 
which is normally supplied by the activity of the thyroid 
gland, i.e. an internal secretion, smce the symptoms pro¬ 
duced by the extirpation or atrophy of the gland may be 
relieved by the administration of the fresh or dried glands of 
sheep. It is interesting to note that administration by the 
mouth IS as effective as subcutaneous injection, showing that 
the active substance, whatever it may be, is easily absorbed 
by the stomach and is not destroyed by digestion. 

In healthy individuals thyroid extract is found to in¬ 
crease the output of m-ea, by causing mcreased tissue waste. 
Hence it has been used as a remedy for obesity. Large 
doses cause increased frequency and force of the heart-,beat, 
and it has been thought that the symptoms of exophthalmic 
goitre, in which an enlarged thyroid is associated with pro¬ 
trusion of the eyeballs and great acceleration of the heart, 
may be due to an excessive production of the specific secre¬ 
tion of the gland. 
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The Pabathteolds 

These are small oval gr rounded bodies about 5 to 12 mm. 
long, situated near the hinder border of each lobe of the 
thyroid, and m some cases imbedded in the thyroid itself. 
They consist of elongated groups of polygonal cells, ap¬ 
parently epithelial, bound together by connective tissue, 
which also forms a capsule to the gland. They are well 
supplied with blood-vessels. Their mode of development as 
well as their functions is unknown. According to some 
authors they are at least as important for the normal life of 
the organism as the thyroid itself, and it has been suggested 
that the nervous symptoms (muscular twitchings and con¬ 
vulsions), which follow total extirpation of the thyroid in 
animals, are really due to the simultaneous removal of the 
parathyroids. According to this view, if the parathyroids 
were left intact, removal of the thyroid in animals would 
always give rise to a condition analogous to that of myx- 
oedema m man It is probable, however, that the paiathyroids 
represent merely immature thyroid tissue, and have therefore 
a similar function. 


The PiTiTiTAEY Body 

This is a small body filling up the sella turcica of the 
sphenoid bone. It consists of two lobes, a posterior of 
nervous tissue, derived from the flooi of the third ventricle 
with which it is connected by the mfundibulum, and a larger 
anterior lobe formed by an mgrowth of the epiblast of the 
buccal cavity. This lobe consists of alveoli lined with epi¬ 
thelium and sometimes contaming a material resembling the 
colloid of the thyroid, as well as solid masses of epithelial 
cells, all enclosed and bound together by a vascular connec¬ 
tive tissue. The functions of this body aie unknown. Its 
deep protected position has so far militated against its suc¬ 
cessful extirpation. It has lieen found however that in a 
large proportion of the cases of acromegaly (a rare disease 
characterised by overgrowth of the bony tissues of the face and 
extremities) the pituitary has been the seat of sarcomatous 
enlargement. It is suggested therefoie that this body secretes 
a substance which is essential in some way or other for the 
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I)roper nutrition and growth of the bones. The posterior lobe 
has been shown to yield a substance having a marked diuretic 
effect. 

The pineal gland represents the remains of a primitive 
dorsal inveitebrate eye. So far as we know, it is at present 
only of historical mterest. 

The Suprarenal Capsules 

These are small triangular bodies situated one above 
each Iddney. They consist of cortex and medulla, the cortex 
composed of groups and columns of closely packed polygonal 
cells, while the cells of the medulla are more irregular m 
shape with a reticular arrangement. The medulla presents 
the openings of a number of large veins. Its cells contain a 
substance which stams brown with chromic acid and its salts. 

Here again pathology has taught us more than physio¬ 
logical research. The disorder known as Addison’s disease, 
and distinguished by the three cardinal symptoms of extreme 
weakness, vomiting, and pigmentation of the skin (which 
acquires a bronzed colour), was recognised by its discoverer to 
be due to atrophy of the suprarenal capsules. The explana¬ 
tions, which were formerly brought forward of the connec¬ 
tion of these phenomena with the extirpation or destruction 
of the capsules, may be classified mto chemical and nervous. 
The suprarenals have a twofold origin, then medullary part 
being derived from the sympathetic nervous system, and 
their cortical part from the surrounding mesoblasb. The 
supporters of the chemical theory based their views on the 
fact that derivatives of hsemoglobin are to be found in these 
organs, and they therefore looked upon them as chemical 
depots for the removal or destruction of the waste pigmentary 
products. Eetention of these in the blood gave rise to 
poisoning symptoms, and to deposition of pigment in the skin. 
As upholdmg the function of these bodies in influencing 
nutrition through the nervous system, widespread degenera¬ 
tions m the central nervous system were described after their 
extirpation m animals. Subsequent investigations however 
have failed to confirm these lesults. 

It seems more probable that the suprarenals, in part 
at any rate, owe their impoitance to the iiroduction of an 
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internal secretion, which they pour into the blood bathing 
their cells. From the medulla of the suprarenal glands a 
subgjtance, adrenahni can be extracted which in mmimal doses 
produces most maiked effects. The chief results of the 
injection of this substance are maiked rise of blood-pressure, 
due to constriction of all the arterioles of the body, and 
increased strength of the heart-beats. The active prmciple 
is not a protein, but is diffusible. It is a derivative of pyro- 
catechm, from which body it may be prepared synthetically 
(Dakm). It acts on nearly all muscular tissues, producing 
a lengthening of the contraction of skeletal muscle as well as 
the effects on heart and blood-vessels just described. 

As a rule its injection causes great slowing of the heart¬ 
beats. If however the vagi be cut, this effect does not 
appear and the arterial pressure rises to two or three times 
its previous height. This effect is not abohshed by previous 
section of the cord or the splanchnic nerves. This slowing 
of the heart can be probably regarded as directly occasioned 
by the great rise of blood-pressure, and only indirectly by 
the adrenalin. It is mteresting to note that not all muscular 
tissues are thrown into action by adrenahn. In some cases 
the muscle may be inhibited and relaxed. In fact, in every 
case that has yet been investigated, the action of adrenalin 
on muscle is identical with that produced by stimulation of 
the sympathetic nerve supply to the tissue. Thus we may 
get, besides the effects already mentioned (viz. vasocon¬ 
striction and augmentation of heart-beat), dilatation of the 
pupil, erection of hairs, relaxation of intestinal wall and of 
bladder, flow of saliva, etc. This similarity of the effects of 
injection of adrenalin to those produced by general stimu¬ 
lation of the sympathetic is probably connected in some way 
with the development of the medulla of the suprarenale as 
an outgrowth of the sympathetic system itself. 

It IS supposed that this substance is being constantly 
produced and distributed over the body, its absence being 
lesponsible for the extreme prostration and muscular weak¬ 
ness which are so marked in Addison’s disease. The pigmenta¬ 
tion and vomiting of this disorder still remain to be accounted 
for, nor have we yet been able to assign any function to 
the cortex of the supiaienals, foimmg the greater bulk of 
these glands. 
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CHAPTEE XIII 
SPECIAL SENSES 
Section 1 

ON SENSATION IN GENEEAL 

We mnst now consider the means by which the mdividual 
IS made aware of the events occurring in the outside world, 
the means by which his environment acts upon him. This 
subject is comprised in the physiology of the special senses. 

All the organs of special sense contam specially modified 
epithelial cells, derived from the epiblastic layer of the 
embryo, or processes of these cells. From the deeper side 
of these cells, processes or nerve-fibres grow into the central 
nervous system; these break up into fine arborisations of 
fibres which come mto close contact with other cells or fibres, 
and BO make functional connection with the nerve-tracts 
which serve as paths to the higher centres, or to the cells 
which preside over the movements of certain muscles. 

In some cases, such as the olfactory mucous membrane 
(Pig. 227, a), the sensory cell lies close to the periphery, and 
is the immediate recipient of the physical stimulus which it 
has to transmute into a physiological nerve impulse. 

In the auditory organ the special sense-cell seems to be 
represented by the bipolar cells of the spiral ganglion. 
These (Pig. 227, b) send one process towards the organ of 
Corti, where it terminates in fine filaments among the hair- 
cells, and one running in the auditory nerve towaids the 
medulla. 

In other cases the sensory cell may he still further away 
from the sensory surface. Thus, in the skin, the sensory 
filaments ramifymg in the epidermis represent the terminal 
arborisation of the piocess of a cell in a posterior root gan¬ 
glion. This process joms by a T-shaped junction with 
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another process which runs centralwards and terminates in 
fine filaments in the grey matter of the spinal cord and 
medulla (Fig. 228, a). 


Fig 227 



A B 


A OonnectionR of olfuctory ceUs with olfaetoiy lobe 
B Auclitoiy BenRe-oif^ans 

The peripheral terminal filaments of these nerve-cells may 
either end freely among ordinary undiflerentiated epithelial 
cells (as in Fig. 228, b), or may be closely applied to specially 


Fin 228 



A B 


A Connections of gustatory fibies. (Taste-bud ) 

B Nerve-encling m skm or oonieal epithelimn (piobably pam-fibies). 

modified epithelial cells. Such special sensory epithelium 
is found in Ihe taste-buds (Fig 228, a) and in many parts of 
the skm (tactile corpuscles). 
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In every case a sensation, -whether of heat, light, sound, 
or touch, is caused by some movement of molecules or masses 
occurring in the outside world, and the function of the special 
sense-organs is to be acted on by these movements and to 
convert them into a nerve impulse, which ascends an afferent 
nerve towards the spinal cord or brain. Arrived here, it 
gives rise to some form of reflex action, which may be un¬ 
conscious or conscious. In the latter case we become aware 
of a sensation of light, heat, or sound, etc. Now it is found 
that if the nerve-fibres coming from a special sense-organ be 
stimulated artificially by electric shocks or in any other way, 
we get a sensation similar in kind to that which would occur 
if the sense-organ itself were stimulated m the normal way. 
Thus stimulation of the optic nerve gives rise to the sensa¬ 
tion of light; of the auditory nerve, to one of sound; of 
the nerves of smell or taste, to these respective sensations. 
This fact, which has not been proved experimentally for all 
sensory nerves, is yet so general that it has been formulated 
as a law, known as Muller’s law of specific irritability. This 
law merely states that every sensory nerve reacts to one form 
of stimulus and gives rise to one form of sensation only; that 
every sensory nerve, m fact, minds its own busmess. 

Most important in connection with the iihysiology of the 
senses is the fact that in some cases we are able to project 
the stimulus, and recognise it as coming from an object at 
some distance from us. We can also looahsc the stimulus, 
and recognise what part of the body is bemg stimulated, or 
the position of the body in space from which the stimulus 
arises. 

There is a certain proportionality between the strength 
of the stimulus and the intensity of the sensation produced; 
that is to say, a stronger stimulus will produce a stronger 
sensation. As the stimulus is increased, the amount of 
additional stimulus required to produce any appreciable m- 
crease of sensation is also mcreased. Thus we can dis¬ 
tinguish the heavier of two weights—one of 39 oz., the other 
of 40 oz.; we cannot however between 39 lbs. and 39 lbs. 
1 oz., but must add a whole pound to the 89 lbs. in order to 
appreciate a distinct difference. This fact is known as 
Weber’s law, which runs thus: The increase of stimulus 
which is required to produce distinct increase of sensation 
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always hears the same ratio to the lohole stimidihs. In the 
example above given thiB ratio is 1 to 40 (muscular sense). 
In the case of the pressure or tactile sense the ratio is 1 to 30. 
This law holds good only witlun certam limits, and fails 
when the stimuli are very strong. 

Besides the five senses that are commonly recognised— 
of sight, hearing, touch, taste, and smell—physiologists 
reckon the senses of heat and cold, pain, the muscular sense, 
and the sense of equilibrium or static sense. The indefinite 
sensations of hunger, thirst, weariness, etc., defy accurate 
physiological analysis. 
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Sbotion 2 

' ' CUTANEOUS SENSATIONS 

The whole surface of the body is susceptible to stimuli, 
which may give rise to sensations of touch, heat, cold, or 
pain ; and it seems probable that these different kinds of 
sensation are served by diEferent sets of nerve-fibres. It is 
very difficult however to assign to each form of end-organ 
that has been distinguished by anatomists its proper function. 
Thus we find in the subcutaneous tissues the Pacinian 
corpuscles as well as the various kinds of end-bulbs, and the 
rich end-arborisations on the fibrous tissue bundles known 
as Euffini’s endings. In the papillary layer of the corium 
we find Meissner’s corpuscles (the tactile corpuscles, Eig. 229). 
In the root-sheaths of the bans there is a rich meshwork 
of nerve-fibrils, especially well marked in the tactile hairs! 
Finally in the epidermis theie is the mtia-epithelial plexus 
of non-meduUated nerve-fibrils, as well as the fibres which 
end m connection with specially modified epithelial cells, the 
so-called tactile cells. Although we regard Meissner’s cor¬ 
puscles as essentially tactile, there is no doubt that the same 
functions must be served by the brushlike nerve-endmgs 
surrounding the hair follicles. On the other hand, the mtra- 
epithelial plexus in the cornea must set up pain impulses, since 
these are the only sensations which result from stimulation 
of the cornea 



Tactile Sensations 

By means of these sensations we are able to judge of the 
shape, size, and consistence of bodies in contact with the 
skm. Thus by feeling we can tell that a body is hard or soft, 
rough or smooth, single or multiple, etc. These conclusions 
however are not determined by the tactile sense alone, but 
are dependent on a number of other centripetal impulses, 
especially those concerned m the muscular sense or sense of 
movement. 

On careful testing of the tactile sense, in minute spots 
over a given area of skin, it is found that the sensibility is 
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not evenly distributed over the whole surface, but that the 
special tactile nerve-endings occur at definite spots, between 
which a stiictly localised stimulus (as by the point of a hair) 
evokes no tactile sensation. These spots can also be mapped 
out by means of localised electrical stimulation, and it has 
been found that, using discontmuous stimuli, the sensation 
produced is also discontinuous so long as the rate of interrup¬ 
tion of the current does not exceed 130 per second. 

The tactile spots are especially marked round each hair 
follicle, but a few spots also occur between the hair follicles, 


Fi(i. 229 



n 


TuctiJe (joipLibcle fiom ti papilla of the skin (Banviei) two iieive- 
fibies passing to the ooipuscle, a, a, vailoose lamificatioiis of the 
axiB-oylincleia within the coi*piibole. 


and of course aie thickly distiibuted over the palmar side of 
the hand and fingers. 

Every tactile sensation has what is termed its local sign, 
t.e. we are able to localise the exact point at which the 
stimulus is applied to the skin. This power of localisation 
is intimately connected with the sense of movement and may 
be impaired by lesions affecting apparently only the efferent 
side of motor reactions. Intimately connected with the localisa¬ 
tion IS the power of discrimination of stimuli as smgle or 
multiple. Thus if two points tipped with cork, a quarter of 
an inch apart, be applied to the tongue, they are perceived 
as two points ; applied to the skm of the back they give rise 
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only to one sensation. The following table shows the dis¬ 
tances which two points must be apart in order to cause two 
distinct sensations. 


Tip ol tongue 

1 mm 

Palmai surface of hand, teiinmnj phalanx 

2 „ 

Lip 

^ » 

Fiont ol foreaim 

15 „ 

Forehead 

23 „ 

Back of hand 

80 „ 

Neck, back, aim, and thigh 

50-70 „ 


As we shall see later, tactile sensations are of immense 
importance in the reflex maintenance of equilibrium and the 
performance of co-ordinated movements. 


Te?riperature Sense 

Our Subjective feeling of warmth or cold depends not on 
the temperature of the body itself, but on the temperatui'e of 
the skin, wheie the special sense-organs are situated. It has 
been shown that m the skm theie aie two kinds of nerve- 
endings for temperature, which are excited respectively by 
heat or cold. Thus if a small metallic pencil, kept at body 
temperature by a stream of warm water through it, be moved 
gently over the skin, and the attention be directed on the 
sensations evoked, it will be found that while at some points the 
sensations are indiffeient or merely tactile, at certain pomts 
the pencil may feel uncomfortably hot. The points where 
this is found to be the case aie mapped out as heat spots. 
By using a cool pencil a senes of cold spots may be mapped 
out in the same way, and it is found that this senes does not 
coincide with the first. Pig. 230 shows the distribution of 
the heat and cold spots. 

It 16 worthy of note that the cold spots aie much more 
widely distributed than the warm spots, and this difference 
is especially marked in those portions of the body which 
are normally covered with clothes The hand is relatively 
insensitive to changes of temperatm’e, and it may be observed 
as a general rule that in those regions where the tactile sense 
is best developed, the temperature sense is least developed. 
It is evidently of more impoitance to the organism that it 
should feel discomfort by a fall of temperature than that it 
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should by a rise ol temperature, as shown by the prepon¬ 
derance of social contrivances, sartorial and otherwise, for 
maintammg the body temperature over those for cooling the 
body. At a certain temperature varying in different parts of 
the body, the sensation of ' warm ’ undergoes a qualitative 
change and becomes that of *hot/ and this change occurs 
some degrees lower than the temperature at which the 
threshold of pain is reached. It has been shown that, if the 
pencil used for testing the temperature sense is heated to 
46° 0. or over, it excites also the cold spots. To this excita¬ 
tion of cold spots IB probably due the shudder which frequently 


Fig 230. 



Gold spots Hoat spots. 

Heat and cold spots ou pait of palm of ri^lit band The bcnuitivc 
points aie shaded, the black being moie sensitive than the lined 
and these than the dotted paits The unshaded areas coiiospuiid to 
tliose parts wheie no speoial sensation was evoked (Goldscheider ) 


occui’s on entering a hot bath, and it seems that the feelmg of 
‘ hot ’ is really due to the simultaneous stimulation of botli 
warm and cold spots. Thus if two adjacent siiots of tlie skin 
be excited by a double pencil, half of which is waim and tlie 
other half cold, a sensation of heat is produced, whereas if 
the cold pencil be removed, the remammg sensation is only 
one of warmth. 


Pain 

Over-excitation of the nerves of the skin, whether l)y 
cutting, electrical stimuli, excessive heat or cold, produces a 
sensation of pam. Hence it has been thought that pain is 
merely an hypertrophied tactile or tempeiatuie seiiHutioii, I)ul 

'34 
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there are arguments which tend to show that pain is a 
distinct sense, and subserved by a distinct set of nerve-fibreS. 
Many cases of disease occur in which the patient can feel 
the shghtest touch, but is quite msensitive to pain. In other 
cases, in which the tactile sense is deficient, the pam sense 
may be exalted. We can moreover map out on the surface of 
the skm pain spots similai to the heat and cold spots men¬ 
tioned above. In certain regions of the body only one or 
more of these sensations may be present. Thus the surface 
of the cornea is sensitive only to painful impressions, that 
of the glans perns only to sensations of pain and cold, 
ordinary tactile and heat sensations being almost entirely 
absent. 

Direct stimulation of the trunk of a nerve going to the 
skin gives rise only to a sensation of pam, whatever may 
be the nature of the stimulus. Thus plunging the elbow 
into a freezing mixture excites the ulnar nerve, and causes a 
sensation of pain which is referred to the rmg and little 
fingers. 
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Section 3 

SENSATIONS OF MOVEMENT AND POSITION 

Under the above heading we may group a number of sen¬ 
sations which arise in special sense-organs in various jiarts 
of our body, m consequence of changes in these parts them¬ 
selves, and are not directly occasioned by stimuli, arriving 
at the surface of the body from without. As examples we 
may mention those sensations by which we are able to 
tell the position in space of our body, and the relative 
position of its various paits, besides the extent, force, and 
direction of movements of any part, whether passive or 
active. Although in themselves indistinct and difficult of 
analysis, these sensations are of the utmost importance m 
qualifying other sensations, especially those of touch and 
sight, and in imparting to these sensations the properties 
which lead us to infer the position and extension in space of 
the object from which the stimuli arise. 

These sensations may be divided mto two main groups— 
the muscular sense and the static sense. 

Muscular Sensations 

This term is appHed to those sensations by which we 
know the position of oiu* limbs, the extent to and the force 
with which they have been moved. Many authors have 
ascribed an important part in this knowledge to the so-called 
sense of innervation, i.e. a sense of the actual energy which is 
bemg discharged from the motor cells of the central nervous 
system to the muscles, and have thought that when we raise a 
weight we judge of its amount, not by the degree of stietchmg 
of the muscle or piessure on sensoiy nerves in the muscle, 
but by the amomit of foice we volimtanly put out to laise 
the weight. The fact however that we can judge of weights, 
when the muscles aie made to contract by electrical stimuli 
and not by voluntary impulses, shows that this sense is m 
large part, if not entirely, peiipheral. It is liowever very 
complex m nature and is seived by a whole airay of different 
end-organs in the skin, joints, tendons, and muscles. The 
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muscles themselves are known to be well supplied with 
afferent nerves. Stimulation of the central end of a mus¬ 
cular nerve may reflexly excite or inhibit movements of other 
muscles. Sherrmgton has shown that, after section of the 
motor roots, over one-third of the fibres in a muscular nerve 
remam undegenerated, proving their connection with the 
posterior root gangha. The sensory nerve-endings in the 
muscle are represented partly by the tendon nerve-endmgs, 
and partly by the muscle-spmdles. 

The former are richly branched end-arborisations of 
nerve-fibies on the surface of the tendon bundles. The 
muscle-spindles consist of one or moie muscle-fibres, often 
continuous with normal fibres, enclosed in a sheath composed 
of several layers of fibrous tissue with mtervening lymph- 
spaces. One or more nerve-fibres pierce this sheath and, 


Fig. aai 



A nemo-muBoular apindle of the cat (Ituflini) c, capsule; yn e, 
pruuaiy ondmg, s Becondaiy ending , c, plate endiug (all these 
aie probably senBOiy m fimotion) 


after making many spiral turns round the muscle-fibres, 
blanch freely and termmate m httle knobs on the surface of 
the fibres. The cross-striation of the muscle-fibres wifchm the 
spindle is but faintly marked. It is evident that the con¬ 
tinuity of these sense-organs with the contiactmg muscle 
ensures m the best possible way that the organs should be 
affected by the slightest change of tension of the contractmg 
muscle, and should transmit information of the state of 
tension to the central nervous system. 

These organs, together with the special nerve-endings 
fomicl on the tendons, are of importance in judging and con¬ 
trolling the force and extent of active movements. On the 
other hand our judgment of passive movements is largely 
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determined by afferent impulses which arise in the sensory 
Rigans of the joints. It is evident that oiu' sensations of 
^^esistance, and therefore our whole conception of force, power, 
^nd effort, are dependent on the tension of contracting muscles 
^nd on the muscular sensations thereby evoked. 

Our knowledge of the position of onr limbs depends chiefly 
the complex of sensations which arise m the end-organs 
the skm and subcutaneous tissue and the joints. Muscular 
sensations appear here to play but a subordinate part. 

We shall later on have to refer to the importance of these 
Siferent impulses for the carrying out of normal movements. 
-SlVe need here only mention that, in the absence of guiding 
afferent impulses, no co-ordinated muscular contractions are 
jpossible. Thus disease of the sensory nerves of the muscles 
the legs or of the afferent tracts of the spinal roots and 
^ord, such as occurs in tabes dorsalis, gives rise to the well- 
j^nown ataxy, m which there is an entire absence of co- 
4 ::>rdmation between the contractions of the different muscles 
oi the lower extremities. In walking, the leg is first raised 
fjoo high and is then brought down again on the ground with 
£ii jerk. In the later stages of the disease, mco-ordmation is 
0 O marked that with the greatest effort the patient is unable 
to move himself along, the muscles contracting violently and 
in no regular sequence when he attempts to walk. If the 
posterior roots of the hind limbs of a dog be divided, he at 
first unable to stand on his forelegs, and in trying to move 
forward simply drags the apparently paralysed limbs after 
Irim Later on the dog learns to walk normally, but in this 
case he has simply replaced the normal afferent impressions 
from skm, joints, and muscles by visual sensations If he be 
painted with luminous paint, and placed m a dark room where 
li.is visual sensations are absent, the paralysis m his hind limbs 
■will be seen to be as marked as on the day succeeding- the 
operation. Jxi the same way division of the posterior roots of a 
f ore-hmb of a monkey causes paralysis of the limb which, for 
tlie finer movements of the hand and fingeis, is permanent. 

In the judgment of weights, cutaneous impressions take 
little part. It has been found that the smallest appreciable 
<iifference is about of the whole weight—a proportion 

^vhich holds good in the ease of the arm for all weights 
between 0 and 6,000 grams, 
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The Static Sense or Sense of Position 

Deeply buried m the bones of the skull and ui close rela¬ 
tion to the auditory end-organ is a special sense-organ whose 
function it is to guide by its impulses the position of the 
head and therefore of the rest of the body, and by these 
impulses to arouse sensations by which we are informed of 
the position of the head as well as of the direction and extent 
of movements, active or passive, which the head may undergo. 
This sense-organ is formed by the endings of the vestibular 
nerve in the three semicircular canals and in the utricle and 
saccule of the internal ear. This, which is formed in the 
embryo by an involution of the epiblast and at first forms a 
simple sac lined with epithelium and lyuig under the surface 
of the skin, later becomes modified by outgrowths hi various 
directions to form a complex membranous tube lined by 
epithelium and con taming a fluid—the endolymph. This 
membranous labyruith is eontahied within a bony tube—the 
osseous labyrmtli, which it does not wholly fill, being separated 
from the bony wall over the greater part of its extent by 
a fluid—the perilymph. The bony labyrinth consists of a 
cavity—the vestibule, communicating by the fenestra ovalis 
with the tympanic cavity externally, and with the cochlea 
and auditory sense-organ anteriorly. The vestibule contams 
two sacs, the utricle and saccule, the latter being in com¬ 
munication with the sphal prolongation, which forms the 
canalis media of the cochlea and is connected with hearhig. 
Behind the vestibule is *m communication with the semi¬ 
circular canals, three bony tubes lying in planes at light 
angles to one another and opening into the vestibule by five 
apertures, one aperture being common to two tubes. These 
canals are named respectively the external oi horizontal, the 
anterior or superior vertical, and the posterior vertical 
canals. Within these bony tubes, and separated from them 
by the perilymph, are three membranous canals, each of 
which has a dilatation or ampulla at one end, and all com¬ 
municate with the utricle; all these parte being developed 
from the primitive auditory vesicle In the ampullee are 
situated the ultimate terminations of the vestibular division 
of the auditory nerve (Fig 232''. 

Wlien these canals are injured definite disturbances of 
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equilibrium are produced. Thus if m a pigeon the liarizontal 
canal be divided, the head 10 thrown into a series of oscil¬ 
lations m a horizontal plane, which are mtensified by section 
of the correspondmg canal on the opposite side, so that the 
animal may fall down. 

After section of the posterior vertical canals the forced 
movements are m a vertical plane, and the animal tends to 
turn somersaults head over heels. After section of the 


Fia 232 



End-organ of vestibnlai nerve in ampulla of semicirciilai canal 
(‘onata acoustica’) 


superior vertical canals the movements are still m a vertical 
plane, and the animal tends to turn somersaults baclrwards. 
After destruction of all the canals on both sides the disturb¬ 
ances of equilibrium aie most pronounced and complicated. 
The animal can neither stand nor fly, nor maintain any 
fixed attitude, but is constantly executing somersaults, and 
movmg about so violently and mcoherently that it is necessary 
to pad its cage to prevent it killmg itself. 
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After some months these disorders gradually disappear, 
and the animal learns to guide its movements by sensations 
of touch and sight alone. But they aie mstantly brought 
back in all their severity if the eyes be bandaged so as 
to deprive the co-ordmating centres of the guiding visual 
sensations. 

It will be noticed that the semicircular canals on each 
side are in three planes at right angles to one another, and 
it IS probable that we learn the positive movements of our 
body with regard to the three dimensions of space by means 
of impressions from the ampullary endmgs of the vestibular 
nerve. These impressions are caused by the varying pres¬ 
sure of the endolymph on the ampullary dilatations of the 
semicircular canals. 

Thus a sudden turnmg of the head from left to right 
will cause movement of endolymph towards, and therefore 
increased pressure on, the ampullary nerve-endmgs of the 
left horizontal canal, and movement of endolymph away 
from, and theiefore diminished pressure on, the correspond¬ 
ing ampulla of the right side. In this way, for movement in 
any given plane, the two corresponding semicircular canals 
of the two sides are synergic, and unite in sending impulses 
which guide the equihbratmg centres, and inform us of the 
position of our head in space. ‘ One canal can be affected 
by and transmit the sensation of rotation ahonf one axis in 
one chiection only, and for complete perception of rotation 
m any direction about any axis six semicircular canals are 
requned in three pams, each pair having its two canals 
parallel (in the same plane), and with their ampullte turned 
opposite ways. Each pair would thus be sensitive to any 
rotation about a Ime at right angles to its plane or planes, 
the one canal bemg influenced by rotation in the one direc¬ 
tion, the other by rotation in the opposite direction.’ * The 
two horizontal canals are m the same plane, and the posterior 
vei’tical canal of one side is in the same plane as the superior 
vertical of the other (Pig. 238). 

In the pigeon it is possible to cause a movement of fluid 
in any desired direction in one of the canals. For this pur¬ 
pose one bony canal is exposed and plugged in the middle of 
jts course as a dentist stops a tooth. The bony wall is then 

Cri^nj-Brown, 
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removed immediately m front of the stopping and a small tube 
fixed on the head by means of plaster of Paris, m such a 
position that a blast of an* from a rubber-ball connected by a 
flexible tubmg with the first tube can be directed on to the open - 
ing in the canal, so as to set up a current of endolymph in the 
membranous canal. It is found invariably that the animal 
responds to each mechanical stimulus produced m this way, 
with a movement in the head and eyes in the same direction 
as the current of endolymph, and m the same plane as the 
semicircular canal involved. 

These reflex movements of head and eyes are the invari¬ 
able result of movements set up m the endolymph, and occur 
equally well in the absence of the cerebral hemispheres. If 

Fm 233 




Difigiam of aeniieiroular canals to show then position in thiee planes 
at light angles to one another It will be seen that the two hon- 
ZiOntal canals he in the same plane (k), and that the snpenor 
vertical of one side (a) is in the same plane as the po'^teiioi \citieal 
(p) of the othei side (from Ewald) 

an animal or man be placed on a turntable and rotated, his 
first tendency will be to turn his head and eyes in the opposite 
direction to that of rotation. If the rotation be continued, the 
endolymph gradually takes up the movement of the surround¬ 
ing parts of the head, and if the eyes be closed, no movement 
of head or eyes is observed. If now the rotation be stopped, 
the endolymph will tend to go on movmg, and the effect 
will be the same as if a movement of rotation were suddenly 
begun m the opposite direction Head and eyes will now be 
turned, without any voluntary impulse, m the duection of the 
previous rotation and in consciousness there will be an actual 
sensation of rotation in the bjiposite direction. Tins sensation 
is in opposition to the sensations derived fiom othei parts, 
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and hence the feeling of giddiness and the actual disorders of 
equilibrium which are its concomitants. 

That this feeling of giddiness on rotation is due to impulses 
started in the semicncular canals is shown by the fact that, 
in a large number of deaf-mutes where these organs are im¬ 
perfectly developed, it is impossible to produce giddiness and 
the associated eye-movements by passive rotation 

It was mentioned above that, after destruction of the semi¬ 
circular canals on both sides, the animal learns to guide its 
movements by sensations of touch and sight alone. This 
compensation depends however on the integrity of that part 
of the central nervous system which is eminently teachable, 
viz. the cerebral hemispheres. If these be removed in a 
pigeon and later on the membranous labyrinth on each side 
destroyed, the disorders of equilibrium which are produced 
are permanent 

The Fimction of the Otoliths 

Both utricle and saccule possess special nerve-endmgs 
known as the mandcc acoiishc(p.\^ These resemble the crista 
acoustica of the semicircular canals in structure, being 
formed by an elevation m the tunica propria of the lining 
membrane, which is covered by columnar cells bearing long 
stifl tapering hairs and supported by thin bipolar sustentacular 
or fibre-cells. Tlie hairs project into a mass of a soft mucus¬ 
like substance which lias a numbei of calcareous particles 
(otoliths) imbedded in it. 

It is evident that the incidence of the weight of the 
otoliths on the liaivs of the macula will vary according to the 
position of the head. Since similar structures have been 
sliomi (in invertebrata) to be essential for the proper equili¬ 
bration of the animal, it is thought that the ‘ otolith^j Qiig a ji' 
iH specially ad apte d for conveying a sei;^e of position (static 
sense), ivhile the--Bemicircular^ canals are chiefly engagfidjn 
the initiation of impulses which inform the ceutial iierYQus 
system of the extent and direction of rotatory movements^- 
volvmg the head. 
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Section 4 

TASTE AND SMELL 

By means of our sense of taste we distinguisli certam 
qualities of soluble substances which are introduced into the 
mouth. By means of smell we determme the qualities of the 
air which passes through the upper air-passages. In many 
cases, as in the appreciation of flavours, both senses are 
employed, and the sensations are referred to qualities of the 
food or other substance in the mouth. When the sense of 
smell alone is involved, the sensations projected as a rule 
outside the body, and in many lower animals must form a 
considerable part of the substratum on which the representa¬ 
tion in consciousness of the external world is built up. 

Together these senses represent the chemical sense, which 
is present to a greater or less degree in all living organisms, 
and which can generally be divided, as in the higher animals, 
into a sense regulatmg the intake of food, and a sense (corre- 
spondmg to our projected sensations) which guides the relations 
of the organism to its environment. Thus the attraction of 
the antherozoids of ferns by the secretion of the female organ, 
the attraction of the plasmodium of myxomycetes by dead leaves 
and its repulsion by quinme, phenomena described under 
the name of positive and negative chevnotaxis, are exactly 
analogous to the attraction of a dog by a bitch in heat, or to 
the avoidance by ourselves of evil-smelhng thoroughfares. 

Taste 

The end-organs of the taste-nerves are represented by 
the taste-huds (Fig. 234), which aie oval bodies consisting of 
medullary and cortical parts, the former being composed of 
columnar cells, the latter of thin fusiform cells, among which 
ramify the termmal fibres of the gustatory nerves. These occur 
scattered over the tongue and soft palate, but are esi3ecially 
numerous in the trenches round the circumvallate papillae. A 
sapid substance to stimulate these organs must be in solution , 
lienee quinine m powder is almost tasteless, owing to its slight 
solubility in neutral or alkaline fluids We distinguish four 
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primitive taste-sensations, sweet, sour, bitter, and salt, and it 
is supposed that there are different nerve-fibres for each of 
these tastes. The reasons for this assumption are as follows: 

a. The tongue is not equally sensitive at all points to all 
four tastes. Thus the back of the tongue is more sensitive 
to bitter, while the tip and sides of the tongue react more to 
sweet and acid tastes Differences can be detected even 
between the cncumvallate papillfe themselves; a mixture of 
quinme and sugar applied to one papilla may excite chiefly 
bitter taste, while with an adjacent papilla the sweet taste may 
predommate. 

Firt 234 



Two taste-bnds fiom the tongue e, stintified epithelium, opening 
or poie of taste-bud, s, gustatoiy cells, s/, Rustentaeniai cells, 
(KfiUikei ) 

h. If the leaves of Gymnema fiylve^tre be chewed, the 
sensations of bitter and sweet are abolished, leaving intact 
the acid and-salt tastes and also the general sensibihty of 
the mucous membrane. On the other hand, cocame abolishes 
general sensibility before it affects the sense of taste. Noi- 
mally the effect of an acid is mixed with the biting sensation 
due to stimulation of nerves of general sensibility. After 
cocaine this pungent sensation is abolished and acid produces 
a very pure and mtense acid taste 

When two taste-sensations are excited simultaneously, the 
total effect depends on the strength of the exciting stimuh. 
With weak stimuli, one taste may aimul the other, so that 
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thelmixture used seems insipid. If the stimuh be then m- 
creased, as by increasmg the strength of the solutions used 
{e.g, acid, qumine, sugar), a compound sensation results m 
which the component simple sensations are easily distinguish¬ 
able. 

Most of our so-called tastes are dependent on the sense of 
smell. Without this sense there would be very little difPeience 
between an onion and an apple. The epicui’e with a fine 
palate has really educated his sense of smell rather than of 
taste. 

The nerves of taste are the glosso-pharyngeal, which 
supphes the back part of the tongue, and the lingual branch 
of the fifth nerve and the chorda tympani, which supply the 
front part. It is doubtful however whether there are really 
two nerves of taste. According to some authors the taste- 
fibres of the fifth nerve are deiived from the glosso-pharyngeal 
nei*ve, perhaps reachmg it through the tympanic plexus and 
chorda tympani nerve. Gowers has recorded a case however 
of complete unilateral loss of taste, in which there was a lesion 
destroying the roots of the fifth nerve, the glosso-pharyngeal 
being intact. It seems probable therefore that the fifth nerve 
(as it uses from the brain) is the only nerve of taste. 

Smell 

The organ of smell is situated at the upper part of the 
nasal cavities. Heie the mucous membrane coverUig the 
superior and middle turbmate bones and the corresponding 
part of the septum is different from that covermg the lest of 
the nasal passages. Over the lower parts of the nasal cavities 
the mucous membrane is of the ordmary respiratory type, 
and is composed of ciliated columnar epithelium contaming 
a number of goblet-cells. In the oltactoiy pait however the 
epithelium is much thicker, of a yellow colour, and apparently 
composed of a layer of columnar cells restmg on several layers 
of nuclei. These nuclei belong to the olfactory cells pioper, 
true spmdle-shaped neive-cells with one piocess extending 
towards the mucus covermg the fiee suiface, while the other 
is continued along channels in the bone, and through tlie 
cribriform plate as one of the non-medullaled olfactory nerve- 
fibres. These nerve-fibres dip mto the olfactory lobes, wheie 
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they terminate by a much-branched arborisation or end-basket 
in the so-called olfactory glomeruli, in close connection with 
a similarly branched dendrite of the large' mitral ’ cells of the 
olfactory lobe. The axons from these latter carry the olfactory 
impulse towards the rest of the bram (Fig. 235). In the con¬ 
nective tissue basis (dermis) of the mucous membrane are 
a number of small mucous or seious glands (Bowman’s glands) 
whose office it is to keep the surface of the membrane con¬ 
stantly moist. 

A substance to excite a sense of smell must be m a gaseous 
condition, although before affectmg the olfactory terminations 


Pig 236 



Schema of couise of olfactoiy impulses (EamAii y Cajalj A, olftiotoi’y 
mucous membiane, B, olfaotoiy ^lomeiuli, C, initial cells, E, 
granule cells , D, olfaotoiy ti’act, L, ceutiifugal hbicB. 


it must be dissolved by the fluid bathing the nerve termma- 
tions. If the nasal cavities be filled with lose watei, not only 
is no smell jiorceived, but the sense is paralysed for some 
time afterwards. This result is probably due to the injurious 
effect of the water on the mucous membrane. It is said that 
if the nostrils be filled with normal salt solution contammg 
odorous substances, a sensation of smell is excited, but in such 
experiments it is difficult to ensuie that all the chinks and 
crannies of the olfactory passages are filled with the solution, 
so as to exclude the possibility of the sensation being excited 
in the ordmary way by diffusion into the air of these passages. 

The sensitiveness of the olfactory is much greater than 
that of the gustatory organ. Thus whereas we can barely 
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taste 6 parts in 10 million of quinine, applied to the most 
sensitive part, the back of the tongue, we can perceive the 
odour of mercaptan when it is so diluted that 1 litre of air 
contains only 0*00000004 milligram of this substance. 

No satisfactory classification of smells has yet been made. 
The following facts however tend to show that there are 
a number of primitive sensations of smell, as of other 
sensations: 

{a) Certain mdividuals, whose olfactory sense is in other 
lespects normal, have no power of distinguishing some odours. 
Thus one may be without the sense of smell for vanilla, 
another for violets, another for hydrocyanic acid. 

(6) The olfactory sense is easily fatigued. If it be fatigued 
so as to be absolutely msensitive for one kind of smell, it is 
still normally excitable for other smells. 

(c) It is possible by mixing odoriferous substances in certain 
proportions to amiul absolutely theii’ effect on the olfactory 
organ. Thus 4 grams of iodoform in 200 grams Peruvian 
balsam is almost odourless, and the same neutralisation of 
odoui's IS obtained if the odour of each substance be allowed 
to act separately on each side by tubes mserted mto each 
nostril. 
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Section 6 

HEARING 

Sound IS a sensation produced in oui eais by vibrations 
occurring in surrounding bodies, and transmitted to them by 
the atmosphere 

Sounds pioduced by ii legular senes of vibiations aie musical tones, if the 
vibrations aie quite iiiegulai the oifeot is a noise In a musical tone we 
can distinguish three qualities, accoiding to the chaiactor of the vibrations ; 
these aio pitch, loudness, and timbie or quality The pitch of a note depends 
on the number of vibiations per second A note of 400 vibiations is an 
ootave highei than a note of 200 vibiations The loudness of a sound depends 
on the lunphtude of vibiation The tiinbio oi quality is dependent on the 
pr osonco with the fundamental tone of cei tain ovoi tones oi hannonics Thus if we 
sUiko a piano stung, the fundamental note of which is 100 vibrations, we get 
Hupeiposed on this lone a senes of notes whose vibiation frequencies ai'e 2, B, 4, 
6, (), 7 hundied It is on the vaiying piedonnnance of these overtones that the 
dilfcionces between the aoimds of a given note produced severally by the organ, 
piano, tiumpot, and violin depend 

If we laiBo the damper of a piano and sing mto it, it will he noticed that 
a huge uiunboi of the stimga go on vibiatmg Thib is duo to the fact that 
every note in om voice is nocompamed by ovei tones, and the piano strings pick 
out those oveitones which coiTespond to them ui vibiation fiequenoy (pitch); 
they BIO said to resonate Instead of piano strings wo may use cylindeib of 
different lengths as resomitors, and by employing a battoiy of those lobornttors 
it IB possible to analyse all manuei of compound soundb 

The organ of hearing may be considered as consisting of 
an accessory pai’t and an essential part. The essential part 
IS formed by the terminal expansion of the auditory nerve; 
the accessory part is constructed so as to bring the waves of 
sound to act on the end-organs. 

The ear is divided anatomically into three parts; the 
external ear with the auditory meatus, the t 3 niipaiium, and 
the internal ear. The external eai in the lower animals is 
fashioned so as to collect sound-waves from different dnec- 
tious , and to this end it is provided with muscles, and is very 
movable. This function in man is rudimentary, so that he 
can hear almost as well with his ear cut off as normally 
The meatus is separated from the tympanum by the drum of 
the ear, oi membrana tympam. This is foimed by a thin 
layer of fibrous tissue, covered with skin externally, and with 
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mucous membrane of the tympanum internally. Attached to 
the point of its inner surface, and dragging it inwards, is the ' 
han^e of the malleus. The attachment of this to the mem¬ 
brane is eccentric—an arrangement which is of great import¬ 
ance, since the membrane in this way is rendered aperiodic, 
Le. it will vibrate with equal faeihty to any number of vibra¬ 
tions, and not pick out a particular note, as a drum that was 
equally stretched all round would do. 

The cavity of the tympanum is connected m front with the 
pharynx by means of the Eustachian tube. This is opened 
by each movement of swallowing, so that the pressure m the 
tympanum is kept equal to that of the outside air. If the 
Eustachian tube be blocked by disease, the am in the 
tympanum is absorbed, and the patient becomes deaf on 


Fig 286 



Diogiam of auditory meatus, with tympanum and auclitoi7 ossicles 

that side. The inner wall of the tympanum presents in 
the dried skull two openings, the fenestra ovalis and the 
fenestra rotunda. The former opens into the vestibule of the 
internal ear and is normally closed by the base of the stapes. 
The fenesti’a rotunda leads into the scala tympani of the 
cochlea, and is closed in the fresh skull by an elastic mem¬ 
brane. Stretching across the tympanum, from the membrana 
tympani to the outer wall of the internal ear, is a chain of 
ossicles, the malleus, incus, and stapes. The base of the 
stapes IS inserted into the fenestra ovalis, being joined to ils 
margins by a membrane. This chain of bones acts as a 
system of levers, by which the vibrations of the tympanic 
membrane are transmitted to the fluid in the internal ear. 

The excursion at the end of the lever formed by the stapes 
IS only two-thirds of the excursion of the handle of the 
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nitillouB, so that, in their transmission through the ossicles, 
Iho vibrations are diminished in extent but increased in 
forco. 

The toiisov lympani muscle, which is attached to the 
liandlo of tlio iniillous, serves by its contraction to draw this 
in, and to render the membrane more tense, and therefore 
more easily affected by high notes. The stapedius muscle, 
wliiut it coutrucls, tilts the stapes backwards. Its use is 
unknown. 

Tlio inlorniil oar consists essentially of a membranous sac, 
wlvic.h is formod by an involution of the epithelium covering 
Ihn surface of the embryo. In the course of development the 
sai!, whicli is filled with a fluid called endolymph, becomes 
much inodiliod in shape (Pig. 237), forming from before back- 
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wards tUu scala media of the cochlea, the saccule, the utricle, 
and the Ihroo soniicircular canals. At certain parts of its inner 
smfaco thickenings of the epithelium occur, which become 
connected with the terminations of the auditory or eighth 
nerve. This ‘membranous labyrinth’ lies inside a easing 
of bone, fiom which it is separated by a layer of fluid called 
the perilymph. The osseous labyrinth is formed from before 
backwards by the cochlea, vestibule, and semicircular canals. 
Tlio cochlea (Fig. 288) is a spiral tube of bone, 20 to 30 mm. 
long, divided hy the scala media into two parts, the scala 
voslilinli anil tlio scala tympani, which are continuous at the 
ai..'\ of the spiial (helicotrema). The scala media contains 
iliu pjiii ti of iilio organ of hearing, Avhicli is called t e 

organ of Coiti (Pig. 230). This consists of a double row of 
stilT colls - the inner and outer rods of Corti, supportmg on 
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each side one or three rows of liair-cells^ which are connected 
with the terminations of the auditory nerve. The organ 
rests on the basilar membrane, which is composed of a 
number of elastic fibrils stretched in a radial direction from 
the central axis of the cochlea to the middle of the wall of 


Fig 238 



Vcitical section thiougli the coclilea. 


the spiral. The length of the fibiils forming the basilar 
membrane increases from 0*041 mm. at the base to 0*496 mm. 
at the helicotrema. 

Sound-waves fallmg on the ear are collected into the 
meatus, and strike the membrana tympani. The vibrations 

Fig 239 



Section thiough the end-oigan of the auditoiy noive in the cochlea 
(oiganof Coiti) b u Basilai mombnine c Canal of Oorti it c Bods 
of Coiti iH and on. Inner and outei haii-cells u c Sustentaculai 
cells An Auditory neiTe m.t Membiana teotoiia 


of the membrane thus produced aie transmitted with dimi¬ 
nished amplitude but increased foice by the chain of ossicles 
to the fenestra ovalis, where they are communicated to the 
perilymph. The vibrations travel in the perilymph from the 
vestibule to the scala vestibuli, up the turns of the cochlea to 
the helicotrema, and then back again along the scala tympani, 
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and end on the membrane closing in the fenestra rotunda, 
situated in the inner wall of the tympanum at the base of the 
scala tympani. Every movement inwards of the base of the 
stapes causes therefore a bulging of the membrane closing 
the fenestra rotunda. In their course the vibrations set the 
basilar membrane of the scala media into vibration, and in 
this way affect the hair-cells and the terminations of the 
auditory nerve. 

The fact that in many cases we are able to resolve the 
compound sound into its simpler components, that a musician 
can name the notes forming a chord struck on the piano, 
shows that there must be some mechanism in the ear by 
which the sounds are analysed. This mechanism is supposed 
to be furnished by the basilar membrane. It is thought 
that the longer fibres near the apex of the cochlea vibrate 
only to low notes, and that the shorter fibres near the base 
of the cochlea vibrate only to high notes, and that when 
a chord is struck it sets into vibration fibres of the basilar 
membrane at different parts of the cochlea, each of which 
excites the hair-cells and auditory nerve-endings lying imme¬ 
diately on it, giving rise to a series of simple sensations. 

The objection that has been raised to this theory of 
Helmholtz is that there is not enough difference between the 
lengths of the fibres of the basilar membranes at different 
points to account for the range of sounds which it is possible 
to perceive and analyse. It has therefore been suggested by 
Ewald that the whole basilar membrane vibrates, but with 
nodal points, so that a vibiating pattern is impressed on the 
nerve-endings, the position of the nodal points, and therefore 
the combination of fibres excited, differing with each tone or 
combination of tones. 

Another theory would avoid the dilBcully altogether by 
assummg that the basilar membrane vibrates as a whole like 
a telephone plate, and that the impulses ascendmg the whole 
auditory nerve differ in quality, reproducing physiologically 
the varying characters of the physical disturbances by which 
they were caused. Under this theory the whole process of 
analysis is relegated to the central nervous system. 

Diffloulttes in the physiological theory of anclitioii aio lopiosoiited by the 
Bo-cnlled combmation and difieience tones If two luning-foiks, one vibrating 
200 and the other 260 times per second, be set vibiating, we boar not only the 
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notes corresponding to these vibiation fi‘e(iueneies but also two otheia, one of 
60 vibrations per second (the diff&jeiice tmie) and one of 460 \nbi*ations (the 
cofiiihinahon tone) Since it is said that these tones do not exist physically, we 
must conclude that the sensations eoiiespondmg to them are m some way excited 
in the anditoiy appaiatus or central nervous system by the onginol two stimuli 
of 200 and 260 vibrations per second 

The rate of vibration frequency, within which an audible 
note is produced, may extend from 16 to 40,000 vibrations 
per second, although in most people no sound is produced by 
vibration frequencies below 30 or above 80,000. According 
to Exner, two sounds followmg one another are perceived as 
distinct if the mterval between them is not less than 0 002 
second. 
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Section 6 
VISION 

In treating of the functions of the eye, the organ of vision, 
we have to consider the essential part, the termination of 
the optic nerve or retina, and the accessory part, a series 
of dioptric mechanisms, arranged to form a perfect image of 
external objects on the retina. 

Since the two eyes are generally employed together, we 
have also to discuss binocular vision; and lastly the cerebral 
processes engaged m the formation of visual sensations and 
judgments. 

The Manneb in which a Distinct Image of Extbbnal 
Objects is foembd on the Ebtina 

The eye may be compared to a photographic camera, the 
lens being represented by several refracting surfaces, the 
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cornea,^lens, and vitreous humour, and the sensitive plate on 
which the image is formed by the retina. 

A ray of light when passing obliquely from a medium of 
low density (such as the air) to a medium of high density 
(such as water or glass) changes its course, being bent 
towards the perpendicular drawn to the surface separati^ng 
the two media. On leaving the dense for a rarer medium it 
is bent once more away from the perpendicular- 
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Figs. 240 and 241 represent the course of a ray of hght 
m passing through a plate of glass with parallel sides, and 
through a prism. 

Fig 241 



By means of a convex lens the rays of light from any one 
source may all be refracted so as to meet at a pomt. The 
point at whi ch pa rallel rajs of^ light (such as the ,§un’s rays) 
gieet is cal led the pi'incipal focus gf the lens (Fig. 242). 


Fio 242 



Diagram of the com’se of parallel rays through a biconvex lens, by 
which they are oonveiged to the principal focus, F 


If the origin of the rays be a point of light near the lens, 
BO that the rays are not parallel, they are converged by the 
lens to a point (secondary focus) situated further away from 
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The rays of hght from A converge on passing thiough the lens to 
the secondaiy foous, F F and A aie conjugate foci. 


the lens than the principal focus. The two points, the point 
whence the rays of light diverge and the point to which they 
converge, are called con jugate fac i (Fig. 243'!. 
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In the eye there are several surfaces separating different 
media where refraction takes place (Fig. 244). Since the 


Fig 244 

Sc 



Sochon tlirongli eyebiUl to show refractive media. Sc. Sclerotic 
coat. Oh OUoioidooat V, Vitreous humour L Lens S Suspen¬ 
sory ligament of lens ON. Optic nerve. 0 Cornea A h Aqueous 
humoui’ Ir. Ins 


refractive index of the aqueous humour is almost equal to 
that of the cornea, we may reduce the refracting surfaces to 
three, viz.— 

Anterior surface of cornea. 

Anterior surface of lens. 

Posterior surface of lens; 
and the refracting media to three— 

Aqueous humour (or cornea), 

Lens, 

Vitreous humour. 

These are so adapted in the normal eye that parallel rays 
failing on the cornea are converged to a focus at the yelloty 
spot on the retma. This point therefore represents the 
p rincinal foc uB""6f th e ey e. A line drawn from this pomt 
' through the centre of the cornea is th e optic axis of the 
eyeball. 

The Mechanism of Accovmodation 

But we are able also to form a distinct image of near 
objects on the retma, and we notice that, when we tm’n our 
gaze from far to near objects, there is a distinct feelmg of 
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muscular effort in the eyes. There must then be some 
means by which the eye can be altered and arranged for 
focussing near objects. In^^jghoto^r^ t he focu s 

may be altered either by changing 

greater or less curvature, or by altering the distance of the 
screen from the lens. Th^last method is obviously ijjjprac- 
iicabl e in the rig id eyeball, and we find that the act of 
focussing (or accommodating) for near objects is associated 
with a change in the curvature of the lens, which becomes 
more convex on its anterior surface. 

This may be easily shown by means of the phakoscope 
(Fig. 246). This is simply a box, blackened inside, with 
holes at a, b, c, and d. At (a) is the observer’s eye; at (b) the 
observed eye. Across the middle of (d) a wke is stretched. 



A candle is placed at (c). The observer at (a) then sees 
three reflections of the candle from the eye at (b) bright 
e^ ect_ image, from the anterior surface of the cornea ;i a 
^ larger but dimmer erect image from the anterior surface of 
the lenTf andJ a small dim^ myerted image from the 
posterior surface of the lens. These images must be observed 
first when the eye at (b) is accommodated for a distant 
object, and then when it is accommodated for the wire 
stretched across the opening (d). It will be noticed that the 
change of accommodation from far to near objects is accom¬ 
panied by a change in the second image (that from the 
anterior surface of the lens), which becomes smaller. The 
change in this image is more easily seen if the candle be 
made to throw two images on the eye by mterposing a double 
prism at (c). Then, as the lens becomes more convex to 
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accommodate for near objects, the two images of the candle 
reflected from its anterior surface approach one another 
(Pig. 240). 

We must now inquire how this change in the shape of the 
lens is brought about. 

By measm'ing the size of the image of the candle produced 
by the anterior surface of the lens, and knowing the size of 
the candle itself and the distance from the observed eye, it 
is possible to calculate the curvature of the lens in the living 
body. 

The radius of curvature of a reflecting surface is given approximately 

by the following formula; i = , where r is the radius of curvattne, a the 

0 

distance of the object, b the size of the image, and c the size of the object. 


Fig 24G 


1 



2 


a h 0 a b o 

Diagram of reflected unages from cornea and lens sui'faces seen In 
phakoscope a From anterior surface of cornea b From anterior 
surface of lens c Fiom posterioi surface of lens. 1 Dni’ing 
accommodation for distance 2. During accommodation for near 
objects 



Of a, b, and o the only measurement which presents any diftioulty is b, the 
size of the image. For this purpose therefore the ophthalmometer was devised 
by Helmholtz. The piinciple of this instrument may be gathered from the 
diagram (Fig 247) We may suppose that it is necessary to meaame the line 
a bj which may be taken to represent an image reflected fiom the anterior 
sui’face of the cornea or lens If we look at this line through a plate of glass 
the plane of which is at right angles to our Ime of sight, no distortion of thehne 
a h takes place. If howevei the plate be placed obhquely, as at pj, theie will 
bo an apparent shifting of the line sideways to c d In the ophthalmometer 
there are two glass discs, g, and one immediately over the other, so placed 
that the image a 6 is looked at through the junction between the two plates. 
The plates ore then turned, as m the diagram, until a h appears as two distinct 
Imes e c and c d just touchmg one another at c At this point each image of 
the line a h has been shifted through one-half the length of a b. Snowing the 
thickness of the plates and their refractive mdex, it is easy to calculate, from 
the angle through which the plates have been tuimed, the apparent shifting of 
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the line a h. This lateral movement amounts to a le to and we have 

2 

merely to double this result m oider to obtain the actual size of the image on 
the cornea oi lens 


If the lens be now cut out of the eye, it is found when 
freed from its supporting structures that the curvature of 
its anterior surface is much greater than it was before. It is 
evident that a pressure is normally exerted by some struc¬ 
ture on the anterior surface of the lens, repressing its 
natural tendency to become convex. If we examine sections 


Eia 247. 



Diagiom to illnstiate piinoiple o! ophthalmometei (after Sclienok) 


through the eye we find that this structure is the suspensory 
ligament of the lens. 

The membrana hyaloidea of the vitreous is thickened in 
front and closely adherent to the ciliary processes. At the 
margin of the lens it divides, sending a thick tough expan¬ 
sion forwards to cover the anterior smrface of the lens, and 
a thin expansion behind which separates the lens from the 
vitreous humour. The part of the membrane extending 
from the edge of the lens to the ciliary processes is the 
suspensory ligament. This ligament is normally on the 
stretch, and keeps the anterior surface of the lens nearly 
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flat, BO that the ieye is accommodated for inflmte distance. 
When the eye is to be accommodated for near objects the 
ciliary processes are pulled forwards and inwards by the 
conti-aetion of the ciliary muscle, and so the suspensory 
ligament is relaxed and the front of the lens allowed to 
bulge forwards. 

The ciliary muscle rims from the corneo-sclerotic junction, 
to be attached to the ciliary processes and front part of the 
choroid. 

Accommodation is a voluntary action, al^cagh the eil^iy 
muscle consists of unstriated flbj’es. ( Contr action is brought 
about through the mtervention of the short ciliary nerves, 
which are derived from the third nerve. The nucleus of 

Pig. 248. 



Diagram showing change in lens during accommodation. 

M. Ciliary muscle. L Ins L, Lens V Vitreous humour, 

A Aqueous humour 0 Cornea 

the third nerve is situated in the extreme hinder part of the 
third ventricle and the anterior part of the iter of Sylvius. 
The centre presiding over the movement of accommodation 
occupies the most anterior part of this nucleus. 

Movements of the Iris ^ 

Accommodation for near objects is always associated with 
contraction of the iris, the function of which we must now 
consider. In an ordinary spherical biconvex lens the rays 
oLUght pas.siag through the periphery of the lens come to a 
focus at a nearer point than the rays passing through the 
central parts. In this way a certain amount of .blueing of 
all iinag© is produced, which is spoken of as spherical 
ajierratioa. This sj^ericar aberration may be corrects m 
three possible v^ays • 
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1. By making the refractive index of the lens higher at 
its centre than at its circumference. 

2. By making the curvature of the lens less near its 
circumference than at the centre. 

3. By ‘ stopping out ’ the peripheral rays of light by 
means of a diaphragm. 

The two latter methods are those used in most optical 
instruments. In the eye there is an attempt at all three, 
but the most important means is the third, the diaphragm 
being formed by the iris. This is a circular curtain with a 
hole in the middle, lying just on the anterior surface of the 


Fio 249 



Diagram to show course of the impulses m the light leflex (marked 
by single anows), and of those which, storting from the oculomotor 
nudeuB, cause dilatation of the pupil (double arrows) 


lens. Pi^ented cells jt effectually stop out peripheral 
•rays of ligfit, and the size ^of Hie opening in it, the pupil, 
isjspntiQUed by th^ contraction or relaxation of a ring of 
unstriated muscular fibres situated near the margin of the 
pupil. 

The iris has a twofold nerve-supply from the third nerve 
through the short ciliary nerves, and from the cervical sym¬ 
pathetic through the Gasserian ganglion, ophthalmic branch 
of the fifth, and the long ciliary nerves (Fig. 249). Stimula¬ 
tion of the third nerve causes contraction of the pupil. The 
centre for this movement is in the anterior part of the floor 
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of the Sylvian iter, just behind the centre for accommodation. 
Stimulation of the cervical sympathetic produces dilatation 
of the pupil. The fibres serving this action leave the spinal 
cord by the second dorsal nerve, and pass up through the 
stellate ganglion in the cervical sympathetic. In this dila¬ 
tation two processes are involved, viz. (1) the relaxation of 
the circular muscle-fibres, the sphincter pvpillm, and (2) the 
contraction of the radiating fibres which form the dilatator 
pupillcB. 

Contraction of the pupil occurs under the following con¬ 
ditions : 

1. Stimulation of the optic nerve by exposure of the 
eye to light, or by artificial means. In the higher mammals 
this is a crossed reflex, exposm'e of one eye to light causing 
contraction of both pupils. 

2. Associated with movements of accommodation and con- 
veigenoe of the optic axes. 

8. Various poisons, especially opium and physostigmin. 
The latter drug exerts a local influence on the iris, and can 
cause contraction of the pupil when all nerves to the eyeball 
are cut. 

4. In sleep. 

The pupil is dilated— 

1. When the eye is removed from light. 

2. Beflexly by strong stimulation of any sensory surface. 

8. When accommodation is relaxed. 

4. Under the influence of emotion, such as fear. 

5. In the last stage of asphyxia. 

6. In deep chloroform narcosis, and under the influence 
of atropin and other alkaloids derived from the solanaceous 
family. Atropin exerts a strong local influence on the iiis. 
Stimulation of the third nerve has no jiower to consti'ict a 
pupil that is dilated fully by atropin. 

Optical Defects of the Eye 

Chromatic dben ation .—Since blue rays are more re¬ 
frangible than red rays, they are brought to a focus at a 
point nearer the lens than the red rays. This is the reason 
why with an ordinary magnifying glass we see a coloured 
fringe round the margms of the object. Chromatic aberra- 
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tion is corrected in optical instruments by using two different 
kinds of glass. In the eye it is uncorrected. Hence it is 
that a blue light and a red light at the same distance from 
the eye appear to be unequally distant; the red light, re¬ 
quiring greater accommodation than the blue, appears to be 
the nearer of the two. The error in most cases is so slight 
that we do not notice the chromatic fringes under normal 
circumstances. 

Myop%a .—The normal or emmetropic eye is so constructed 
that, when the ciliary muscle is relaxed, parallel rays are 


Eia. 250. 



Diagrams of com'se taken by parallel rays in enteiing uoimal 
(emmetiopio) eye (A), hypei-metropio eye (B), and myopic eye 
(^) 

brought to a focus on the retma. If the i^eball be longer 
tlban usual, the par allel rays will com e Jp a ^us rather in 
front of the retina , so that it will be impossiWe for a clear 
image of distant objects to be formed on the retina. Objects at 
a certain small distance from the eye will be brought to a focus 
on the retina without any effort of accommodation. People 
with eyes of this description are said to be myopic or short¬ 
sighted. Hridfir. the_se eircumatane^giB, concave snep.taclps aie 
necessary, in older to foim a distinct retmal image of distant 
objects. 
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Hypermetropia. —If, on the other hand, the eyeball be 
too short in its antero-posterior diameter, the parallel rays 
entering the eye will come to a f pons at a noint-Jbehind th e 
retina. In order that a distinct image may be formed, even 
of ‘distant objects, it will be necessary to increase the curva¬ 
ture of the lens by contracting the ciliary muscle. Such eyes 
are hypermetropic or long-s ighted. 

Fio 261 

ate 

0 • I 

Lans from huniau eye at cliffeient peiioda of life (Allen Thomson) 
at hlibh; adult, c, old age. 


Presbyopia .—As old age comes on, the lens becomes more 
rigid, and loses more or less its tendency to become convex 
(Fig. 261). Hence the near limit of accommodation gets 
farther and further with advancing age. Such a condition 
IS not to be confused with long-sightedness; it is merely 
a defect in the power of accommodation, and not dependent 

Fio 262 



lagrom showing course of rays in an astigmatic eve (Wallei) The 
ourvatme of the cornea is gieater in the vertical meiidian vvv than in 
the horizontal meiidian hhli Hence the rays of light coming fioin the 
pomt P and passing thiough the vertical meiidian come to a focus at/*, 
•while those through the horizontal mendion come to a focus at /■* 
Theie is thus no point behind the cornea at which all the lays from P 
will come to a focus, and the image of the point must bo bluiied, being 
elongated m a hoiizontal diiection at /*, and m a veitioal duoctioii at/■* 


on a structural defect of the eyeball. It is spoken of as 
presbyopia. 

Ashgmahsm .—The curvature of the vertical meridian of 
the cornea is usually greater than that of the horizontal 
meridian. The difference may be so great as to make it 
impossible for a definite image of a point of light to be 
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formed on the retina, the rays diverging from the luminous 
point in the vertical plane (greater curvature) being brought 
to a focus sooner than those m a horizontal plane. To 
coriect this defect it is necessary to use cy lindrical glasses 
in order to mak e un lor ;^e lesser curvature of the cpnaea m 
this direction. 

Ebtinal Changes involved in Vision 

We have seen that, in nearly all sense-organs, the essen¬ 
tial constituent is a bipolar nerve-cell havmg a peripheral 
process extending towards the surface and ending between 


Fig. 268. 



layer; 4, inner nucslear layei, 6, outer moleoulai layei, 
6, outer nuclear layei, c, cone, r, lod; 6, bipolar cells, S, spon¬ 
gioblast, am, amacnne cell, C7i, centiifugal nerve-fibre, 
M, fibie of Muller, » M, nucleus of fibre of Miiller, n, neu- 
rogha , 0 , outer limiting membrane 


the epithelial cells covering that surface, and a central piocess 
which runs towards the central nervous system, where it 
termmates m close contact with other nerve-cells. 

The retina however represents genetically not a simple 
sense-organ, but a whole lobe of the bram, and has therefore 

86 
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a much more complicated structure. It is composed of three 
separate relays of nerve-elements (neurons). These are— 

(1) The rod and cone cells, with their nuclei (rod and 
cone and outer nuclear layers). 

(2) Bipolar cells (mner nuclear layer). 

(8) Ganglion cells (ganglion-cell layer), from which spring 
the axis-cylmders joining the nerve-fibre layer, and which 
run along the optic nerves and tracts to terminate in the 
region of the anterior corpus quadrigeminum. The functional 
connection between the processes of these three sets of nerve- 

PiG 264 





OphthalmoBcopio view of fundus of eye, showing the optic disc, 
or point of entiy of the optic nerve, with the letmal vessels 
blanching fioin its centre. 

cells takes place m the outer and mner molecular layers 
(Pig. 253). 

Of these layers of the retma, the hindmost, the layer of 
rods and cones, represents the end-organ of vision; and 
therefore, for distmct vision to take place, the image of 
external objects must be formed on this layer. This is shown 
by the followmg facts : 

a. otentry^nf the opUc nerve, where the whole 

thickness of the retma is composed of nerve-fibres, is abso¬ 
lutely insensitive to light, and constitutes the ‘ blmd spot ’ 
(Fig, 264), “ ' ■ 
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6. the_^ aculfl L-lat^a, where viBion i^mpst dietmct, all 
the layers of the retina are diminished except the layer of 
rods and cones. 

c. FurTci^nje's figures. If a strong light be focussed by 
means of a lens on the sclerotic just outside the cornea, and 
the eye be made to stare fixedly at a dull background, an 
arborescent image of the retinal vessels will appear on the 
background. On moving the illumination the image of the 
vessels will move in the same dmection. Knowing the 
dimensions of the eyeball and the distance of the background 
from the eye, as well as the angle through which the light is 


Fia. 266 . 



Diagram of the patli of the rays of light m the foimiation of Purkinje’s 
tigurea (v) repieaenta a letmal vessel When this is illuminated 
fiom (A), a shadow is formed on the hinder layeis of the letma at 
(a') This IS projected along a line passing through the optio 
and appears to come from a point (a”) on the wall On moving the 
light fiom (A) to (B), the miage of the vessel appears to move fiom 
(a”) to {b"). 

moved and the apparent displacement of the image of the 
vessels, the distance of the percipient part of the retina behind 
the vessels may be calculated. This distance is found to 
correspond with the distance of the rod and cone layer from 
the retmal vessels, and hence this layer is taken to be the 
end-organ of vision. 

When light falls on the retina certain chemical and 
physical changes take j)lace. These either originate oi accom¬ 
pany the transmutation of the ether vibrations into the 
nerve-impulses, which ascend the optic nerve. If a frog that 
has been in the dark for some time be killed, an eye taken 
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out bisected, and the retina removed and examined by a 
weak light, it will be found that this latter has a purplish- 
red colour. On microscopical examination this colour is seen 
to be confined to the outer limbs of the rods. After a very 
short exposure to diffuse daylight the colour disappears. The 
colouring matter {rTiodopsi)i) may be dissolved out by means 
of a solution of bile salts. The purple-red solution thus 
formed also bleaches rapidly on exposure to light. By 
means of this rhodopsin, photographs or ' optograms * of 
external objects may be taken on the retina. The frog’s eye 
which is cut out is placed in front of a window. After 
some time the eye is bisected and plunged into a 4 per cent, 
solution of alum, which fixes the optogram, and a permanent 


B 
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A 




Sections of the frog’s retina A, kept m the dark B, after 
exposure to hght, showing letraotion of the cones, and pio- 
truaion of the pigmented epithelium between the outei limbs of 
the rods (Bngelmann) 


inverted picture of the window with its cross-bars is obtained 
on the retina. 

If a retina, which has been bleached by exposure to light, 
be replaced on the pigment-layer linmg the choroid, in a 
short time the colour will be restored. On examining sections 
through the retina it is found that, in those which have 
been exposed to light, the cells of the layer of pigmented 
epithelium send up fine processes full of pigmented granules 
between the outer limbs of the rods. In an eye which has 
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been kept in the dark, on the other hand, the cells of the pig¬ 
ment-layer are quite flat, so that the front part of the retina, 
including the rods and cones, can be removed -without any 
difficulty (Fig. 266). Thus the function of the pigmented 
epithelium is to supply visual purple to the outer limbs of 
the rods as fast as the pigment already there is bleached by 
light. It might be thought that this chemical change was 
the active agent m producing excitation of the optic nerve- 
fibres ; but the facts that m the fovea centralis, the region of 

Pm 267 

I / jialsr 
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Three type*? of retiiml variation obtained on exposure to light 
(Wollei) I, fresh letina. II, same letina aftei two houis 
III, same letma aftei twenty-foui houm The black line at the 
lower bolder of each lecoid maiks the peiiod of exposuie to 
light 


most distinct vision, we find only cones which contain no visual 
purple, and that m certam birds there are no rods and no 
visual purple in the whole retina, show that this chemical 
process, interestmg though it may be, is not essential for the 
conversion of light-waves into a nervous impulse. 

When light falls upon the retina the cones are retracted, 
and lie close upon the external limiting membrane , whereas 
m an eye that has been kept m the daik they extend down 
between the rods as far as the pigmented layer. 
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t The falling of light on the retina is also accompanied by 
an electrical change, which may be regarded as analogous to 
the current of action in nerve. 

The conditions m the retma are however rather more eomphoated. An 
eyebaU of the frog led off from its antenoi and posterior surfaces shows a 
cunent directed in the eyeball fiom behind forwards (the resting oi demarcation 
cniTBiit) On allowing light to fall into the eye this current after a delay of 
several seconds is nioikedly increased. On shuttmg off the hght theie is a 
momentary furtha* moiease and then diminution of the current to its resting 
value (Pig. 267,1). Wallei mtei'prets this change as showmg a twofold piooess 
of disintegration and anabolism dunng stimulation by light—the onaboho effect 
however predommatmg so fai as regards the changes affeotmg the galvanometer. 
On shuttmg off hght, the disBixmlative changes cease at once, the assimilative 
more slowly; hence the fuither positive variation On keeping the eyeball the 
positive variation gradually dimimshes, so that, twenty-foui horn's after excision, 
expoame to light may cause a pure negative vanation, succeeded by a slight 
positive effect when the hght is shut off (Fig. 267, III). 


f' ’To*' , Adaptation 

/ . t J 

The gengitivenesa of the retm^,.jtp jj^ht is continually 
/vt altering ac eordmg tQ.the^tren^h of the illumination. Thus, 
'when we go from a brightly lighted place into a dark room, 
at first we are unable to distinguish objects. The pupil 
dilates widely from the absence of stimulation. In a short 
time, however, ' adaptation' occurs, and we may be able to 
see quite clearly. When the eyes are removed from light to 
darkness, ‘within the first ten minutes the sensitiveness of the 
retina is increased twenty-five times, and at the end of two 
hours is as much as thirty-five times as great as it was in 
full illumination. This adaptation is retinal and not con¬ 
ditioned by changes in the size of the pupil, which after the 
first reaction to the change of illumination resumes its nonnal 
size. 

In the ' dark-adapted ’ eye (z.6. one that has been removed 
from all sources of illumination for a considerable lime) a 
remarkable difference is observed in its sensitiveness to light 
of different colours as compared with the sensitiveness of the 
normal eye. In the latter the spectrum appears brightest in 
the yellow (between the lines D and E). 

The following figures represent the relative brightness of 
the spectrum as it appears to the ‘light-adapted ’ eye:— 
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Red 

(Piaunhofer line B) 

82 

Oiange 

» „ c . 

94 

Reddish yellow 

» »> • 

G40 

Yellow, 

D to E 

1,000 

Green, 

E 

480 

Blue gieen, 

F 

170 

Blue, 

G. 

31 

Violet, 

H 

6 


In the dark-adapted eye the point of maximum brightness 
is shifted towards the blue end of the spectrum, so that the 
brightest part may he m the green, and the red end may 
become quite invisible. When the light is sufficiently reduced 
m intensity, the whole spectrum may appear colourless. 
Hence, in a garden full of bright flowers, at night only 
differences of black and white are perceived. As morning 
dawns, the blue flowers and green leaves appear m their true 
colours, while the scarlet geraniums still appear black ; while 
a little later with mcreasing illumination all the flowers 
are seen in their true colours. This colour-blindness to weak 
illumination is possessed by the extreme peripheral parts of 
the retina (where only rods are found) under all illuminations. 
This fact, combined with the fact that the sensitiveness of the 
dark-adapted eye to different parts of the spectrum agrees 
with the bleaching powers of the different parts on visual 
purple, suggests that we have in the retina two distinct 
apparatus for the appreciation of light, viz.: — 

{a) The cones, appreciating colour differences, especially 
concentrated at the centre of the letina and forming the 
whole fovea centralis. 

(&) The rods, sensitised by the visual purple, giving 
sensations only of light and darkness, and more sensitive 
than the cones to weak illumination. Whereas the cones are 
more easily excited by light in the yellow pait of the spectrum, 
the rods are more excited by the more refrangible rays of the 
green and blue. 

, ,r I i 

Under normal circumstances we use both eyes m seeing. 
Since however the visual impression produced by the two 
retinal images is not double but smgle, there must be a series 
of 'pomts m each retma which, stimulated smiultaneously, 


Binocular Vision 


Q. 
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give rise to a single impression. These points are called 
‘ coiTsspondmg ’ points. Thus, when we look at a spot, the 


Fw 258 



Diagram to show points of attiiclimont and lines of action of 
extrinsic oculai* muscles 


axes of the eyes are so directed that an image of it falls on 
the yellow spots of the two retinae. The images of all points 
to the right of this spot will fall on the nasal side of the 


Fifl 269 



Diagiam to show diiection m winch pupil will move undei the 
action of the vaiious oculai muscles 
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right retina and on the temporal side of the left retina, and 
vice versd. So if the right retina were cut out and placed on 
the left, the corresponding points in the two retines would be 
exactly over one another. In order that we may have single 
vision it is necessary that the images of external objects 
should fall on correspondmg points of the two retinae. This 
is effected by the harmonious co-operation of the muscles of 
the eyeball. These are six in number: superior, inferior, 
external, and internal recti, superior and mferior oblique. 
The action of these muscles is as follows. 


Superior rectus moves the centre of the cornea upwai’ds and inwards 
Inferior „ ,, ,, ,, downwards and inwards 


Internal ,, 
External ,, 
Supeiioi oblique 
Inferior ,, 


directly mwarda 
directly outwards 
downwards and outwards 
upwards and outwards. 


So the muscles required for the follo’wmg movements 
will be— 

Looking upwards, superior recti and inferior oblique muscles 
„ downwards, inferioi recti and supenor oblique muscles 
„ mwards (oonveigenoe of eyes), the two mtomal recti 
„ to the right, the right external rectus and the left inteiTial rectus 
„ to the left, the left external rectus and the right mtemal rectus 


The movements of the eyes to one side or the other are 
spoken of as conjugate deviation. The centres of most of 
these movements are situated in the floor of the iter of 
Sylvius. The movements which involve the external recti 
are carried out by the nucleus of the sixth nerve, which is 
functionally connected with nuclei in the floor of the iter by 
the posterior longitudmal bundle. 

If from weakness of one of the ocular muscles the optic 
axes cannot be made to converge to any point in the field of 
vision, so that the images of external objects do not fall upon 
correspondmg pomts of the two retinae, double vis ion results, 
and the patient is said to 3u ffer_ fmm a squmt. IrTliKfs case 
the image which is formed in the sound ^eye is spoken of as 
the true, and the other the false image. Fiom the relation 
in space of the false to the true image, it is possible to tell 
which muscle la affected. 


1 
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Visual Sbnsations 

When a ray of light from an object to the outer side of 
the eye falls upon the cornea, an image of it is formed on the 
nasal side of the retina. If the source of light be above the 
visual axis, the image is~formed on the lower half of the 
retina. Hence, whenever the retina is excited at these points, 
whether by light falling on the eye from without or by direct 
stimulation, we refer the sensation produced to some position 
in the outside world which the experience gained by all our 
other senses points out. 

Thus if the right eye be turned inwards, and pressure with 
the finger made on the outside of the sclerotic near the outer 
angle of the eyelids, we have a sensation of a ring of light 
produced by the direct excitation of the outer part of the 
retina, which we refer or ‘ project ’ to a point on the extreme 
inner side of the eye It has often been discussed how it is 
that we see external objects erect when the retinal image is 
mverted. But we do not look at the image on the retina. 
The stimulation of the retina at a point on the nasal side 
merely gives rise to sensations which experience has taught 
us to recognise as coming from an object to the outer side of 
the visual axis. 

Atrophy of the nasal half of the right retina therefore 
would give rise to blindness to the outer side of that eye, 
which would probably be recognised only when the left eye 
was closed. 

Intensity of stimulus.—’Wohev’s law, that the increase of 
stimulus necessary to cause an increase of sensation always 
bears the same ratio to the whole stimulus, holds good also 
for visual sensations. 

This ratio in the case of the eye is about ^-*,77 We can 
thus distinguish between two lights of 20 and 20 /, candle- 
power, or between two of 99 and 100 candle-power. If the 
illumination be excessive the law no longer holds good; and 
we should be unable to tell the difference between two arc 
lamps at a short distance, although one might be much 
stronger than the other, and the difference much greater 
than yJtt of *^6 total light. 

Duration of stimulus.—"We do not know how long a 
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stimulus of light must act on the retina in order to produce 
a definite sensation. But the duration is very short, smce 
an electric spark, which is almost instantaneous in its ap¬ 
pearance and disappearance, may excite a strong sensation 
of light. This momentary stimulus however, as in the case 
of muscle, excites a condition of activity and change in' the 
retina which lasts a measurable period. 

The sensation produced by a momentary stimulus rises 
sharply to a maximum and then sinks, first quickly and then 
more gradually. The first part of the fall, after the attam- 
ment of the maximum sensation, is more rapid in the case of 
strong than of weak stimuli. 

This duration of the sensation after the stimulus has 
ceased may be so pronounced, when the stimulus is very 
strong, as to give rise to a definite ‘ after-image.’ After 
looking at the sun for some time and then turning away, 
we may see an after-image that may last several seconds or 
mmutes. 

If one stimulus follows another at a very short interval 
we get a summation of stimuli, and the two sensations are 
fused mto one. The interval which must intervene between 
two stimuli, in order that two distinct sensations may be 
produced, is greater when the stimuli are small than when 
they are intense. 

This interval may be determined by causing a disc, on 
which alternate sectors of black and white are painted, to 
revolve at known rates, and notiemg the time that a white 
sector takes to pass a given point (in the visual axis) when 
the sensations are just fused. If the illumination of the disc 
be feeble, this time will be found to be about second. 
If now the illumination be mcreased, the grey disappears, 
and we observe a flickering of the disc due to imperfect 
fusion of the separate visual sensations (cf. imperfect tetanus 
of muscle). In the latter case the time between two suc¬ 
cessive stimuli may be reduced to or ■B-V second before 
apparent fusion of the sectors takes place. 

The production of a circle of light when a stick with a 
glowing end is rapidly whirled round, and all the effects of 
pyrotechny, are dependent on this persistence of retinal 
activity after the stimulus callmg it forth has ceased. 
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OoLOUB Vision 

If a ray of -white light be passed through a prism, it is 
unequally refracted, so that it is -widened out into a broad 
band or spectrum, which is variously coloured, the red rays 
at one end bemg less refrangible than the blue rays at the 
other. We may divide the colours of the spectrum into 
seven—red, orange, yellow, green, blue, indigo, violet; but 
the division is qmte arbitrary, the colours shading so gradu¬ 
ally into one another that no two observers would agree 
exactly on the limits between them. This spectrum can be 
recomposed by another prism in the reverse direction with 
the formation of white light, so that we say white hght is 
composed of all these different colours. It might at first be 
thought that the retina could respond with a simple sensa¬ 
tion to stimulation by any part of the spectrum, a low number 
of ether vibrations per second producing a sensation of red, 
a number rather higher a sensation of orange; so that the 
sensation produced by any part of the spectrum would be a 
simple colour sensation, of which there would in this case 
be an mfinite number. But a simple analysis of our own 
sensations seems to show that some of the spectral colours 
are mixed sensations. Thus most people will say at once 
that orange is a mixture of red and yellow, and as a 
matter of fact we find that, on mixing rays from the red with 
others from the yellow part of the spectrum, we do get a 
sensation of orange. The stimulus obtained by mixing red 
and yellow rays is not the same as a stimulus caused by rays 
from the orange part of the spectrum. In the former case 
compound waves made up of the two wave-lengths, 656 X and 
564 X, are fallmg on the retina; in the latter case a simple 
wave with length 608 X; and yet the sensations produced are 
identical. 

In order to recompose the white light it is not necessary 
to mix all the spectral colours. We may take a pah- of 
colours, situated a certam distance apart m the spectrum, 
and by combming these form white light. Thus red with 
green, or blue with yellow, -will give white light. Any pair 
of colours, which together give rise to a sensation of white, are 
called conj^lementary. By taking three colours, such as red. 



SPECIAL SENSES 


678 


green, and violet, it is possible by mixing them in various 
proportions to form either white light or any colour of the 
spectrum. The colom-s so formed differ from the spectral 
colours in being less saturated] i.e. they contain, besides the 
pure colour, white light. 

These expeiiments on mixing coloma can be perfonned m vanous ways 
A Seotoi's of the different colouis aie pamted on a disc, and the colour 
sensations are fused by rapid rotation of the disc (Maxwell’s colour-top) 

B Two small coloured discs are placed on the table, with a vertical gloss 
plate between them It is possible so to arrange the direction of vision that 
the reflected image of the disc from the glass plate oomoides in position with 
the other disc seen through the plate 

0 . These methods with pamted discs are open to the objection that no 
pigments give perfectly pure colour sensations It is therefore better to use the 
pure colours of the speotinim itself, combining any two poiiaons of the spectrum 
by means of reflectois or prisms A less perfect method is to cause light from 
two sources, coloured by different coloured glass, to fall on the same surface. 

These facts show that m all probability the primitive 
colour sensations are few in number, and that the various 
colour sensations of a spectrum are not pure, but mixtures of 
these primary sensations. There are two theories of colour 
vision—th^Young^^hnhidli;^ a nd Herin g*s. 

According to the former, there are three primary colour 
sensations—red, green, and violet—each of which is repre¬ 
sented by a separate set of nerve-fibrils. One set of fibres 
is most sensitive to red rays, and only slightly sensitive to 
the green and blue parts of the spectrum ; the second set is 
most sensitive to the middle, and the third set to the blue 
end of the spectrum. White light is produced by an equal 
stimulation of the three sets. 

Hering distingmshes four prunary colom' sensations—red, 
yellow, green, and blue—and also considers the sensations 
of white and black as primary visual sensations. These 
sensations are placed in three groups, red and green, yellow 
and blue, white and black. For each pair of sensations he 
considers that there is a special substance m the retina, dis¬ 
similation or katabolism of which gives rise to one colour 
sensation; anabolism or assimilation to the other. Thus if 
white light falls on the retina, it causes a breaking down or 
katabolism of the white-black substance This bieaking 
down excites certain fibres of the optic nerve, and produces 
in consciousness a sensation of white. If the light be now 
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removed, this breaking down gives place to anabolism or 
building up of the white-black substance, which excites the 
same nerve-fibrils in a different way, giving rise to a sensa¬ 
tion of black. The white-black substance is affected not 
only by white light, but also by the colours red, green, 
yellow, blue, and their mixtures. The other two visual sub¬ 
stances are affected only by red and green or by yellow and 
blue respectively. Hence even the spectral colom’s do not 
give rise to pure sensations, there being always some mixture 
of a sensation of white with the proper colour sensation. 

The phenomena of colour vision that we have mentioned 
above can be equally well explamed on either theory. Thus 
the fact that blue and yellow together give rise to a sensa- 


Fig. 260. 



Curves showing BensitivenesB of the thiee vaiieties of nerve- 
fibies to dijSeient parts of the spectrum. 1. Bed fibies 
2 Gieen fibres. 3. Violet fibres. 

tion of white may be explained on the Young-Helmholtz 
theory by saying that the stimulation of all three sets of 
fibrils is equal—as will be seen by adding together the 
ordinates of each curve in Fig. 260 at yellow and at blue. 

Adopting Hermg’s hypothesis, we may say that, anabolism 
and katabolism being equally excited in the yellow-blue 
substance, no change in it takes place, and the sole sensa¬ 
tion IS that produced by the stimulation of the white black 
substance. 

The fact that any coloured light, if very dim or if falling 
on only a minute pait of the retina, produces a sensation of 
white, IB more readily explicable on Hering’s than on the 
Young-Helmholtz theory. 

Cases are not rare in which a person is unable to dis- 
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tinguish between red and green, so that he can only tell a 
cherry from the leaves on the tree by its shape. Such cases 
may be explained on either theory. Hering*s theory how¬ 
ever seems necessary to account for the cases nf complete 
colour-blindness which are said to occur. In these the only 
sensations are of light and shade, and we may suppose that 
the red-green and blue-yeUow substances are lackmg m the 
retina. 

Contrast phenomena .—If a grey disc be placed on a piece 
of red paper, and the whole covered with tissue-paper, the 
disc will take on a greenish tinge. If the ground colour be 
green, the disc will appear red; if blue, the disc will appear 
yellow; in fine, whatever be the ground colour, the colour 
of the disc will be complementary to it. These effects are 
spoken of as simultaneous contrast. 

If, after gazmg steadily for some time at a red disc on a 
white surface, the eyes be turned towards a plam white 
surface, a negative after-image of the disc is seen on the 
paper, coloured green, i.e. the complementary colour of 
the red disc. Surrounding this the paper appears red. If 
we look at the sun for some time, and then turn our eyes 
away, there is at first a positive after-image, and we see a 
bright sun wherever we look. In a short time this dis¬ 
appears and gives way to a black sun (a negative after¬ 
image). Thus we may say that stimulation of any part of 
the retina with any colour is followed by a colour sensation, 
referred to the same part of the visual field and comple¬ 
mentary to the first. 

It has been much discussed whether these phenomena are 
simply effects of judgment, oi whether they are produced 
by definite changes taking place in the retma. 

Helmholtz explains them by the first hypothesis, and looks 
upon them as cerebral processes. 

Hermg, on the other hand, has extended his theory so as 
to embrace these phenomena, and ascribes them to definite 
changes in the retma, or at any rate m the peripheral part 
of the visual mechanism. 

A corollary to his theory that we mentioned above is that, 
if dissimilation of a visual substance be excited at any point 
of the letma, assimilation of the same substance is set up in 
the parts of the retina immediately adjoining that point. In 
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this way the phenomena of simultaneous contrast may be 
explained. 

Thus if a ray of led light falls on any spot, it may be 
supposed to excite dissimilation of the red-green substance 
at this spot. This sets up assimilation of the same substance 
in the adjoinmg parts of the retma, and the red object is 
therefore surrounded with a green halo, which at once 
becomes evident if we increase our appreciation for slight 
colour-tones by diminishmg the total amount of hght by 
means of tissue-paper. 

The question between the two theoiies is whethei tlio oontiost phenomena 
depend upon psychical or retmal events Theio is no doubt that the question 
must be answered m the latter sense, and that these phenomena are quite 
independent ol the judgment of the mdividuol. This is shown cleaily by two 

Fig 2C1. 

Red 



glass 

Purple 

# ♦ 

Rjrple Yellow Green Purple 
Purple 

experiments A box (Fig 261) is divided mto two long compartments, a h and 
c d At o the compartment is closed by a led glass-plate and at c by a blue 
gloss-plate Apertures are piovided at b and d for the observer’s eyes At 
+ and + two smaJl giey crosses are fixed about the middle of the compartment 
on sheets of transparent glass On lookmg through the openings b and d and 
convergmg the eyeballs so as to fix e Ime o, we get a fusion moie oi less 
complete of the two colours, red blue, so that the background appears 
purple, 01 there may be a struggle between the colours, at one time blue, at 
another red predommatmg To the judgment however there is one background 
and not two, and therefore, aooordmg to the theory of Helmholtz, the grey 
crosses should by contrast both acquire the same induced colour, which would 
be complementary for purple But it is found that the two crosses are perfectly 
distinct m colom, that which is seen by the eye against the blue ground 
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yellow wkile that on the red ground is gieen, showing that the phenomena of 
simultaneous contrast are perlpheraJ and not cerebral in their causation. The 
same fact is very definitely established by the following experiment devised by 
Sherrington The disc (E^g 262) presents two rmgs, each half blue and half 
black The outei rmg is mtensified when at rest by simultaneous contrast, the 
black half bemg seen agamst the surrounding yellow, while the lunnnosity of 
the blue half is moreased by the effect of the surrounding black In the i^ei 


Era 262. 



rmg the blue half is darkened by contrast with the surrounding yellow while 
the black half is not evident at all If the disc be rotated, we get two concentric 
rmgs on an apparently homogeneous field. It is found however that the outer 
ring fiickeiB long after complete fusion has taken place in the inner ring, 
showmg that the stimulation of the retina by the outer ring is increased under 
the influence of contrast. 


On this theory successive contrast phenomena are analo¬ 
gous to certain phenomena we have already studied in other 
tissues. If extensive breaking down of the visual stuff has 
been occurring, when the stimulus is removed there will be 
a swing back of the condition of the protoplasm of the nerve- 
endings m the opposite direction, and the katabolic will be 
replaced by anabohc changes; just as, on breaking a con¬ 
stant current that has been flowing through a nerve, the 
condition of raised irritability at the kathode gives place to 
a condition m which the irritability is depressed below the 
normal. 

The improvmg effect on the heart of stimulation of the 

87 
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vagus is also exactly analogous to a successive contrast 
effect. During stimulation of the vagus the breaking down 
of the contractile substance is stopped or checked, so that 
buildmg up or anabohsm can go on without interruption. 
When the excitation of the vagus ceases there is an extra 
store of contractile material in the muscle-cells. This causes 
the beat to be more vigorous, and we may say that the 
increased anabohsm has been followed by a period of in¬ 
creased katabolism, just as strong stimulation of a part of 
the retina with green (anabolism) gives rise to a red after¬ 
image (katabolism). 


Visual Judgments 

Size .—The apparent size of an object is determined by 
the magnitude of its image formed on the retina. As will 
be evident from the diagram (Pig. 268), the apparent size m 
any diameter of any given object is inversely proportional to 
the distance. Thus the size of the image on the retina of an 
object two mehes long at a distance of one foot is equal to the 
image of an object four inches long at a distance of two feet 


Fia. 263 



An object can be seen if the visual angle subtended by 
it (the angle A c B in Pig. 268) is not less than sixty 
seconds This is equivalent to an image on the fovea een- 
trahs of the retina about 4 /i ^ across, which corresponds to the 
diameter of a cone. 

Estimation of distance depends partly on muscular sensa¬ 
tions from the degree of accommodation and of convergence 
of the optic axes, partly on comparisons of the apparent 
size of the object with that of a neighbouring object (such 
as a man) the real size of which is known, and partly on 

fi ^ 0 001 milliTnetie, 
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the amount of blurring of the outlmes of the object due to 
the haziness of the atmosphere. The latter factor is of 
great importance when the object is too large and remote to 
be compared with others of a known size. After a storm of 
rain distant mountains may seem to be many miles nearer 
than they did before. 


Judgment of Solidity—Stereoscopic Vision 

If we look at a solid object, such as a cube, with both 
eyes, the images formed on the corresponding points of the 


Pig. 264. 



a b 


two retinEB are not identical, the one in the right eye repre¬ 
senting more of the right side of the cube, and in the left eye 
more of the left side (Fig. 264). 

If the two images (a) and (b) be so arranged that they fall 
on corresponding pomts of the two retinae, the resulting 
impression is that of a solid body, in the form of a cube. 
This is the prmeiple involved in the stereoscope. When 
only one eye is used, the external world has a much flatter 
appearance, although some idea of solidity is still gained 
from the fact that the accommodation has to be altered in 
order to bring different parts of the solid body into focus. 
The effects of hght and shade also aid in the judgment of 
solidity. 

Accessory Farts of the Eye 

The eyeball is protected in front by the eyelids. These 
are Imed internally with a delicate mucous membrane, con¬ 
tinuous with the conjunctiva covering the anterior surface of 
the eyeball. This membrane is kept constantly moist by 
the secretion of the lachrymal gland, a small acino-tubular 
gland built up on the type of a serous gland, situated at the 
upper and outer angle of the orbit. The excess of fluid is 
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drained off by the nasal duct, which leads from the conjunc¬ 
tival sac to the nasal cavity on the same side. If the eyes 
be kept open for some minutes, the conjunctiva covering the 
eyeball becomes dry, and irritation is set up. Normally the 
membrane, and especially that over the cornea, is kept moist 
and transparent by involuntary movements of the eyelids, 
which close or blink about twice a minute, and so distribute 
the lachrymal secretion over the whole conjunctival surface. 

This blinking is a reflex act, the afferent channels being 
fibres of the fifth nerve, and the efferent the fibres of the 
facial nerve supplying the orbicularis palpebrarum. It is 
spoken of as the ‘ conjunctival reflex,’ and is one of the last 
reflexes to disappear in chloroform or ether narcosis. 


Tub NuTRinoN op tub Etbball. The Inxraooulab Phhssuri 

The eyeball is formed of a tough inextensible capsule, the 
sclerotic, filled with fluid or semi-fluid contents. In order that 
the eyeball may be sufficiently rigid to maintain the normal 
relations of the various refractive media, and to afford a fixed 
point for the action of the oUiary muscle, this fluid must be 
under pressure. On connecting a small manometer with the 
anterior chamber, care being taken to prevent any escape of 
the intraocular fluid, it is found in the normal eye that this 
pressure is about 25 mm. Hg. On making an opening into 
the cornea the fluid drains away, and the eyeball becomes soft 
and collapsed, the cornea becoming folded, and the eye being 
naturally useless as an optical mstrument. The fluid which 
flows away, and which forms the aqueous humour and also 
fills the interstices of the gelatinous tissue of the vitreous, 
contams only a minute trace of proteid, consisting in every 100 
parts of 98*7 parts water and 1‘2 to 1‘3 total solids, of which 
only 0-08 to 0'12 parts consist of proteid. If a cannula be kept 
m the anterior chamber this fluid rapidly alters in character, 
beoommg coagulable, and containing 3 to 4 per cent of proteids. 

The intraocular fluid is continually being renewed. The 
eyeball receives a rich vascular supply, which forms a close 
network of vessels and capillaries m the choroid coat, with its 
prolongations the ciliary processes and iris. The chief seat 
of formation of the intraocular fluid is the ciliary processes. 
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Here there is a constant transudation of fluid from the blood¬ 
vessels into the anterior part of the vitreous cavity, the amount 
of the transudation varying with the pressure m the blood 
capillaries, being increased by any rise in the capiUhry blood 
pressure or by any fall in the intraocular pressure. Of the fluid 
poured out by the ciliary processes a very small proportion 
(perhaps one-flftieth) passes backwards into the vitreous humour 
and gradually drains out of the eyeball by the lymphatic spaces 
of the optic nerve. By far the larger amount passes forward 
through the fibres of the suspensory ligament into the posterior 
chamber (the annular cavity between the iris in front and 
the lens and ciliary processes behind), and thence round the 
margin of the iris into the anterior chamber. Prom the anterior 
chamber it passes into the spaces of Pontaua at the outer angle 
of the chamber, whence, under pressure, it can filter slowly 
between the endothelial cells lining the canal of Schlemm into 
this vessel and so into the venous system. 

A considerable resistance is offered to the passage of fluid 
mto the canal of Schlemm. Hence the constant transudation 
of fluid from the ciliary processes raises the intraocular pressure 
to 26 mm. Hg., and a continuous production of about 6 cubic 
miUimetres of fluid per minute suffices to mamtain the pres- 
sm-e at this height. If the anterior angle of the eye becomes 
blocked, the absorption of intraocular fluid becomes more 
and more difficult. There is therefore a rise of intraocular 
pressure to far above normal, a nd ip conse quence there is 
atrophy of the retina followed by disturbance of the nutrition 
oflhe whole eyeball. Th^ condition of raised mtraopuJflr fit 
tension occurs in the disease known as glaucoma. 

The constant renewal of the intraocular fluid is important, ^ ^ 
not only for the maintenance of the intraocular pressure, but 
also for the nutrition of the structures such as the lens^sus- 
pensory hgament and yitreous humour, Tyhich do not receive 
any vascular supply. 
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THE SPINAL COED 

Section 1 

8TETJGTUEB AND TEAOTS OP THE COED 

The spinal cor d and .biiilb may be regarded in two Kghts, 
as a centr e presiding over reflex actions md as a channel of 
ogmmjmicatLon between the periphery and the brain. Xtjs 
struc ture corresponds, roughly speaking, to this twofold 
action, consisting as it does of a tube of grey matter 
internally^ which may be looked upon as a ^collection of 
reflex^ centres, surrounded externally by a layer of white 
matter, composed of medullated nerve-fibres and serving as 
simple conductmg tissue. It lies m the spinal canal, pxa- 
ificted by its three membranes, dura mater, aiachnoid, and 
pia mater, and^suspended by the attachment of its thirty-one 
pairs of nerves, as they pierce the dura mater The structure 
of the cord is best studied in cross-sections. A cross-section 
through the dorsal region is approximately circular, and 
consists of two symmetrical halves, separated m front by the 
anterior fissure, and behmd by the posterior fissure. Each 
half contains a crescentic or comma-shaped area of grey 
matter, surrounded on its front, lateral, and mesial borders 
by white matter, and connected by an isthmus to the crescent 
of the opposite half In the centre of this isthmus is the 
central canal of the cord, the grey matter in front and behind 
it being known as the anterior and posterior grey commissures. 
At the base of the anterior fissure the white matter is con¬ 
tinuous between the two halves of the cord, forming the 
anterior white commissure. 

The Nerve-roots 

Each_neive of the thirty-one pairs that arise from the 
spinaL cord has two roots, anterior and posterior. The 
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anterior root arises bj bimdles from the antero¬ 

lateral part of the cord ; the poster ior root ^ses as a single 
, bundle, emerging from the spinal cord opposite the posterior 
horn of grey matter. roots join to form the trunk 

AG^ve. On the posterior root, just before it 
joins the anterior root, is situated a ganglion, the posterior 
root ganghon. 

If we study the development of these roots, we find that 
they have different origms. Whereas the axis-cylinders of 
the anterior roots are formed by the outgrowth of the axons 
of cells in the grey matter of the cord, chiefly in the anterior 
cornu (Fig. 266), the posterior roots are derived from a 


Fia 266 



Tionsverse seotion of spinal cord of ohiok to show developing 
neive-ioots (stained by Golgi’s method) (Eam6n y Cajal] A, 
anteiior root-fibies growmg from the anterior oomual oella, c, 
B, posterioi foot-fibres passmg from bipolar cells of ganglion 
into cord 


separate mass of cells formed from the epiblast close to the 
dorsal surface of the cord. These epiblastic cells become 
oval and send out a process at each extremity, one process 
growing mto the spinal cord, while the other meets the 
anterior roots and grows with these downwards towards the 
periphery. In some animals, such as fishes, the cells of the 
posterior root-ganglia retain this bipolar character through¬ 
out life, and this is also the case with the analogous ganglion 
situated on the course of the auditory nerve in the cochlea, 
the so-called spiral ganglion. In all higher vertebrates 
the two processes of the cells of the spmal ganglia 
become approximated in the course of growth and finally 
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arise from the cell as one process which divides into two by 
a T-shaped junction at the first node of Eanvier. 

Thus from the point of view of development, the nerve- 
fibres making up a mixed spinal nerve are of twofold 
origin, and represent the arms or elongated processes of 
two distinct sets of cells. If a unicellular animal be cut 
into two parts, it is found that the half containing the nucleus 
will regenerate the missing part and will contmue to live, 
whereas the part which contains no nucleus, although able 
for a short time to carry out movements or even to ingest 
food-granules, is unable to assimilate its food and grow, and 
finally dies. Exactly the same thing happens m the case of 
a nerve-cell. If we cut through that part of the cell which 
forms the axis-cylinder of a nerve-fibre, the part cut away, 
although for a time excitable and able to conduct impulses, 
finally dies; whereas the part attached to the cell-body with 
its nucleus continues to live and may under favourable 
circumstances regenerate the part that has been cut off. 
These facts furnish the basis of a method for determining 
the exact situation of the nerve-cell from which a given axis- 
cylinder IS derived. 

We have already seen that section of a peripheral nerve 
causes, after a small initial rise, a gradual fall of irritability 
in the part of the nerve below the section. This goes on to 
complete loss of irritability, and 'bh microscopic mvestigation 
it is found that the physiological change is accompanied by 
definite progressive structural changes. 

About four days after the section (in mammals) the myelin 
forming the medullary sheath of the nerve-fibres in the 
peripheral part of the nerve becomes segmented, and breaks 
up into drops of various size (Fig. 266). A little later the axis- 
cylinder is also broken across, so that there is no longer any 
physiological continuity in the nerve-fibre This is followed 
by enlargement and proliferation of the mternodal nuclei; 
the protoplasm within the primitive sheath increases in 
quantity, and the drops of myelin are gradually absorbed 
and disappear. Finally, about the twenty-first day or later, 
the origmal structure of the nerve-fibres has entirely dis¬ 
appeared, and they consist merely of a tubular sheath, contain¬ 
ing nuclei and structureless protoplasm. If no regeneration 
can take place these structures also disappear, giving place to 
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simple conHeotive tissne. If however, after the section, the 
two ends of the nerve have been kept in close apposition by 
means of sutures, regeneration of the peripheral part of the 


Fig 266. 



Degeneiaiion und legeneiation of neive-fibres in the labbib 
' (Soliafei, after Ranviei) A, pait of a nerve-fibie in winch 
degeneration has oommenced m consequence of the section, 
fifty hours pieviously, of the trunk of the neiTe higher up; 

medullary sheatli becommg broken up into drops of 
myelin, p, granulai piotoplasmic substance which is re¬ 
placing the myelin, w, nudeus, gf, neunlemma B, another 
fibre m which degeneiation is prooeedmg, the neiwe having 
been cut four days pieviously, p, as before, cy^ axis-oylmder 
partly broken up, and the pieces inclosed m portions of myelin 
0, more advanced stage of degeneration, the medullary sheath 
liavmg almost diaappeaied, and bemg replaced by protoplasm 
in which, besides drops of niyelm, aie numerous nuclei which 
r have leaulted fiom the division of the smgle nucleus of the 
mteinode. D, commeucmg regeneration of a neive-fibio 
Seveial small hbies, V have sprouted from the somewhat 
bulbous cut end, b, of the original fibre, t ; a, an axis-cylmder 
which has not yet aoquiied its medullaiy sheath; a, s', piimi- 
tive sheath of the oiigmal fibre A, C, and D aie from osmic 
preparations, B from an alcohol and carmme preparation 
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nerve takes place. New axis-cylinders grow out from the 
old axis-cylinders of the central part of the nerve at the 
node of Eanvier just above the point of division, and these 
grow down into the structureless protoplasm filling the 
sheaths of the peripheral nerve-fibres, thus restoring func¬ 
tional continuity The myelin sheaths of the regenerated 
nerve-fibres make their appearance rather later. Nerve- 
fibres have already been spoken of as bemg enormously 
elongated cell-processes, and it seems that a fibre degenerates 
whenever it is separated from the ceU of which it is an out¬ 
growth, and must be regenerated by a renewed outgrowth 
from this cell. We may look upon the nerve-cells as 
presiding over the nutrition of the fibres which spring from 
them; and they are therefore called the ‘ trophic centres ’ of 
these fibres. If a nerve be divided, only that half which is 
separated from its trophic centre will degenerate. This fact 
was first pointed out clearly by Waller, and hence the method 
of diagnosing the course of tracts m the central nervous 
system is named the Wallenan method. 

A large majority of the white fibres of the spinal cord are 
dependent for their nutrition upon their continmty with a 
nerve-cell, and if this be abolished the part of the nerve-fibre 
severed from the cell degenerates. If the anterior root be 
divided, the part attached to the cord remains intact, but the 
whole peripheral part of the fibres degenerates, so that in a 
section of the mixed nerve the degenerated motor-fibres can 
be identified (Fig. 267, II). 

If the posterior root be divided between the ganglion and 
its junction with the anterior root, all the sensory fibres in 
the mixed nerve below the jimction degenerate. If however 
it be divided between the ganglion and the cord, the sensory 
fibres in the mixed nerve remain intact, but the central parts 
of the fibres degenerate right up into the cord, and may be 
traced m the cord as far up as the medulla. 

It has already been stated that the anterior root is motor 
or efferent, and the posterior root sensory or afferent. The 
evidence for this is as follows:—If the anterior root be 
divided, the muscles supphed by the nerve are paralysed. 
Excitation of the peripheral end of the anterior root will 
cause them to contract. Excitation of its central end has 
no effect. 
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Section of the posterior root causes loss of sensation in 
its area of distribution. Stimulation of its peripheral end 
has no effect. Stimulation of its central end causes marked 
signs of pain, such as struggling, crying out or, m a curarised 
animal, nse of blood-pressure. 

In some cases we may find that stimulation of the peri¬ 
pheral end of the anterior root gives rise to evidence of 
pain. This is spoken of as recurrent sensibility^ and is due 
to stimulation of fibres which leave the cord by the postenoi 


Pig. 267. 


1 U 3IL jy 



I, division of whole nerve below ganglion II, division of 
iiuterioi loot III, division of posteiior root above ganglion 
IV, division of posteiior roofc above and below ganglion. 


loots, and after travelling some distance towards the peri¬ 
phery turn back and run up in the anterior root. Recurrent 
sensibility is abolished, as would be expected, by division of 
the posterior root. 

The Qrey Matter of the Oord 

The crescentic mass of grey matter in each half of a cross- 
section of a cord is larger in front than behind, the anterior 
and posterior halves being spoken of as the anterior and 
posterior horns or cornua respectively (Pig. 272, p. 693). 
Bach horn is again divided mto the caput or head, forming the 
large extremity, and the neck, which is the narrower part by 
which the caput is connected with the central mass of grey 
matter. When examined m section, the grey matter at first 
presents an inextricable confusion of nerve cells and fibres of 
all descriptions. But of late years various methods have come 
to our assistance m the unravellmg of the tangled mass. The 
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most important of these methods are the methylene blue 
method of Ehrhch and Golgi’s silver chromate method with 
its various modifications. Both these methods stain nerve- 
cells with all their processes, and since in a given segment 
of the cord only a few of the nerve-cells are stained, it is 
possible to trace their processes through a considerable 
thickness of the cord. The grey matter consists of nerve- 
ceUs with their processes, of the branching terminations of 
various nerve-fibres derived from the white matter of the cord 
or the posterior nerve-roots, and of the supportmg framework 


Fia. 268. 



NeiTe-cell torn the spinal coid, stained by Nisei’s method, 
a, axis-oylmder process or axon, 6, protoplasm of oeU, con¬ 
sisting of c, fibiiUated ground substance, and e, the grainules 
of Nissl, d, nucleus (Lenhossek) 


or neuroglia All the nerve-cells of the cord are multipolar 
(Fig. 268). The processes however are of two kinds. One 
kind of process, the neuraxon of which only one 

is present, is in most cases prolonged into a nerve-fibre, of 
which it becomes the axis-cylinder, generally acquiring at 
the same time a medullary sheath. This process may send 
off a few fine branches, the so-called ^Materal ^^ but in most 
cases does not undergo any extensive branching until 
nearing its periphery, where it may break up into the rich 
arborisations with which we are aheady acquainted as the 
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motor and sensory nerve-endings. All the other processes 
of the cell are generally thicker at their origin than the 
axon, and very rapidly break up into branches ■which end 
freely in the neighbouring grey matter. In many cases 
these d6ndn^%t^ have serrated margins—an appearance espe¬ 
cially well-marked in certain cells of the cerebrum and 
cerebellum. The body of the cell, sometimes called the peri¬ 
karyon, is granular and surrounds a large vesicular nucleus 
with well-marked nuclear membrane, which only stains 
faintly with nuclear dyes. By special methods a fibrillation 


Fio 269. 



The pomt of origin of the axon, the ‘ nerve-hihooh,’ highly 
magnified, to show absence of Hissl’s grannies fiorn the origin 
of the piocess. (Held ) 

of the protoplasm has been demonstrated, the fibrillse sweep¬ 
ing across the cell from process to process, and many converg¬ 
ing towards the point of origin of the axon (Fig. 269). ‘While 
some observers regard this fibrillation as an artefact due to 
the coagulating reagents employed, others attach extreme 
importance to it, and look upon the fibriUss as the essential 
conductmg elements of the central nervous system, continuous 
from cell to cell and throughout the whole body. 

According to most observers however, such an anatomical 
continuity does not exist, at any rate in vertebrate animals. 
All the constituents of the central nervous system arise from 
cell-units, and so far as we can tell, the processes of these 
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cells do not giw together but simply remain m contact. Thus 
the axis-cyhnder of an anterior cornual ceU ends on a muscle- 
fibre as an arborisation, the branches of which end freely 
on the surface of the fibre. The cells of the central nervous 
system are influenced in the same way. An axon from the 
periphery or from another part of the central nervous system 
ends m an arborisation in contact either with the cell-body or 
with the dendntic processes (Fig. 270). Any impulse arriving 


Pia 270 



ArbonBation of collaterals fi’om the posterior root-fibres lound 
the cells of the posteiior horn (Eam6n y Cajal) 

at this arborisation sets up a new impulse m the cell-body, 
just as a motor impulse descendmg a nerve sets up a new 
excitatory impulse m the muscle with an energy considerably 
in excess of the original nerve-impulse. Thus the whole 
nervous system can be regarded as made up of a numberless 
array of nerve-ceUs with their processes (newrons), the activity 
of each being regulated by the connections of its dendrites and 
the destiny of its axon. It is possible that the oflSce of each 
cell is not merely to transmit the disturbance arrivmg at it, but 
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to send it on with increased energy, acting like a battery relay 
in a telegraphic circuit. In all cases where there is a distinction 
between the dendrites and the axon, the direction of conduc¬ 
tion seems to be in the dendrites towards the cell, ceUuhpetal, 
and in the axon away from the cell, cellulifugal. In bipolar 
cells, as m the spmal gangha, it is impossible as a inile to 
draw any distinction between the two processes 

If the nerve-cells serve as relays of energy, nervous 
activity must be associated with a usmg up of material in 
the cell; and many attempts have been made to discover his¬ 
tological evidences of nerve-cell activity. Of importance in 


Pi(j 271. 



CellB fiom tlie oculomotor nuclei thu'teen days after section of 
the nerve on one side oi, cell from healthy side ; 6, cell from 
side on which nerve was divided (Platau), 


tlus connection is the presence in the nerve-cells of certain 
bodies which are known as Ni8ji! p vvminlM. If a section of 
nervous tissue fixed with alcohol, formol, or corrosive sublimate 
be stained with basic dyes such as methylene blue or toluidin 
blue, the bodies of the cells are seen to contam a number of 
coarse angnlar granules or masses arranged more or less 
symmetrically round the cell, and extending for a considerable 
distance along the dendrites (Fig. 271, a). The axon and that 
part of the cell from which it arises (the nerve-hillock) are 
quite free from these granules (cf. Fig. 269). As the result of 
stimulation, changes have been described both in these granules 
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and m the nucleus of the cell. Of more practical importance 
however are the changes produced in these granules by 
section of the axon itself. As a matter of fact, although 
division of an axon causes the more profound changes m that 
part which is separated from the cell-body ov perikaryon, the 
temporary or permanent loss of function does not leave the 
cell unaffected. It was long ago shown that amputation of 
a limb was followed after many years by a shrmkage and 
atrophy of all that portion of the grey matter from which 
the nerves to the limb were derived. The introduction of 
Nissl’s method has shown that an appreciable change is 
produced within a few weeks, the granules losing then indi¬ 
viduality and becoming broken up, so that the whole cell 
takes on a diffuse blue stain (Pig. 271, h). This change is 
followed after some considerable time by a gradual atrophy 
of the cell and all its processes. It is sometimes spoken of 
as secondary, or better as ‘ retrograde ’ degeneration. 

The grey matter is thus made up of nerve-cells embedded 
in a close felt-work of fibres of various descriptions, fine 
meduUated nerve-fibres coming in as collaterals from the 
surroundmg white matter and breaking up into naked 
arborisations. Branching axis-cylmders, which begin and end 
in the grey matter itself, as well as the richly branched 
dendrites of the various nerve-cells, all these elements are 
embedded in and supported by the special connective tissue 
of the nervous system, the neuroglia. 

The neuroglia resembles the rest of the nervous system 
in being of epiblastic origin. The cells forming the primitive 
neural groove are of two kinds, the neuroblasts, from which 
the nerve-ceUs are derived, and the spongioblasts. These 
latter at first form a continuous lining of the central canal, 
and send out one process to the periphery of the cord. 
This process branches freely, and m course of time some of 
the cells wander out into the substance of the cord and 
acquire many processes, which run out in all directions and 
cross those of adjacent cells. In the adult cord the cell- 
bodies of these neuroglia cells either disappear altogether or 
are reduced to httle more than the nucleus, so that the 
neuroglia consists of a rich felt-work of branchmg fibres 
crossing each other in aU directions and forming a framework 
for the nervous elements of the cord. 



Fig 272. 



Sections of liumnin spinal ooid fiom the lower cervical, mid-doisal, 
and mid-lumbar regions, showing the piinoipal gioups of nervc- 
cells, and on the right side of each section the conducting tracts 
us they occm'm the seveial regions (magnified about 7 diameters). 
(E A Schafer ) a, 6, c, gioups of cells of the anteiior hoin, rf, cells 
of the lateial liom, c, middle group*of cells, /, cells of Clarke’s 
column, ( 7 , cells of posterior horn, c c , cential canal, a c , anterior 
COmmisBiue, 
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In accordance with its epiblastic origin, the neurogha presents no chemical 
resemblances to the group of connective tissues Its mam constituent is a 
body aUied to keratm, known as neuro-keratm, giving aU the reactions of 
proteins, but distinguished from the oidmary members of this group by its 
insolubility m the digestive jmoes as well as by the high proportion of sulphur 
m its molecule 

This neuroglia, though extending through the whole cord, 
is especially concentrated at two points, viz. in the immediate 
vicinity of the central canal and at the head of the posterior 
horn, where mingled with small nerve-cells it forms, a sort 
of cap to the grey matter and is known as the substantia 
gelatinosa of Eolando. 

The grey matter of the cord may be considered as a con¬ 
tinuous tube formed by the fusion of a series of paired 
ganglia, each of which innervated one body segment. This 
regular arrangement has been modified by the development 
at a later period of the limbs, and the necessary growth of 
new cells to supply the limbs. Hence we find a considerable 
enlargement of the grey matter in two situations, the cervical 
enlargement corresponding to the brachial plexus, and the 
lumbo-sacral enlargement which gives origin to the nerves of 
the hind limb 

The cells of the grey matter are arranged in definite 
groups or columns, some of which extend throughout the 
whole length of the cord, whilst others are confined to certain 
regions. These columns are— 

1. In the anterior cornu, two sets of cells, the anterior or 
median and the external groups. These cells are the largest 
in the cord; they have many processes, one process being 
continued into the meduUated nerve-fibre of an anterior root, 
the other processes (dendrites) breaking up into a fine mesh- 
work of non-meduUated fibrils, which become lost in the 
meshwork of the grey matter. The external group (h, Fig. 272) 
is especially connected with the motor nerves to the limb 
muscles. 

2. The lateral column or intermedio-lateral tract, chiefly 
marked in the dorsal and upper part of the lumbar spinal 
cord. These cells are almost certainly connected with the 
visceral outflow which occurs in this region. Their axons 
pass out by the anterior roots, and then by the white rami 
communicantes to the sympathetic system, in some ganglion 
of which they terminate. 

S. The cells of the posterior horn, small multipolar cells. 



THE SPINAL CORD 


69S 


4 Clarke’s column or posterior vesicular column (Fig, 
272,/), reaching from the seventh or eighth cervical nerve to 
the third lumbar nerve, and represented opposite the second 
and third cervical nerves by a small group of cells and possibly 
also in the sacral region by a group known as Stilling’s nucleus. 
The cells composing this column are large and fusiform, with 
their long axes parallel to that of the cord, so that in cross- 
section they have the appearance of small round cells. 


Pig 273 



On left side of figui’e are shown the nerve-oells with their axis-oylindei 
piocessea On the light side the distiibution of the chief coUaterals. 

1 Motoi cells 2 CellB of the columns 2rt Cells of Clarke’s column, 
sending piocesses across into direct cerebellar tract. 8, 4, and 6, 
Oommissmal cells. 

A more general classification of the nerve-cells may be 
based on the destination of their nerve-fibre processes (Fig. 
273). In this way we may distinguish— 

(1) Motor cells. These are the large cells already de¬ 
scribed in the anterior cornua. Their axis-cylinder processes 
all run out into an anterior nerve-root, and end for the most 
part in the motor end-plate on a muscular fibre. 

(2) Cells of the columns. The nerve-processes of these 
run out into the white matter, and the majority ascend 
in one of the columns of the cord. We find these cells 
in the anterior and lateral cornua, sending fibres into the 
anterior and lateral columns. There are also a few in the 
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posterior eornua which send their processes into the posterior 
columns. The best-marked group however is that already 
described as formmg Clarke’s column. These send their nerve- 
fibre processes right across the grey matter into the lateral 
column of the same side, where they turn upwards, forming a 
distmot tract of fibres—the direct or posterior cerebellar tract. 

(3) Commissural cells. This class embraces a number of 
cells of different sizes and shapes. Their axons either end 
in the grey matter of the same side, or traverse the cord to 
form connections with the grey matter of the other side. 
Many of these fibres pass through the anterior white com¬ 
missure. Among these we find the Golgi type of cell, i.e. 
a cell whose axon begins to divide almost immediately after 
leaving the cell, and branching profusely ends in the near 
neighbourhood of the cell from which it started. 

The White Matter of the Gord 

The white matter consists almost exclusively of medullated 
nerve-fibres, which run for the most part longitudinally. 
They are of various sizes, some of the smaller fibres being 
branches (collaterals), which have been given off from the 
larger ones, and which will shortly turn into the grey matter. 
In section they resemble closely the fibres of an ordinary 
peripheral nerve, but they differ from these in that they have 
no primitive sheath or nem-ilemma. Bach consists simply of 
an axis-cylinder surrounded by a thick medullary sheath, the 
whole embedded in a tube formed by the neuroglia The 
white matter is divided by the anterior and posterior fissures, 
and the nerve-roots mto anterior or ventral, lateral, and 
posterior or dorsal columns. A further subdivision of the 
anterior column into antero-median and antero-lateral, and 
of the posterior column mto postero-median and postero¬ 
lateral, IS indicated by slight grooves on the surface of the 
cord m the cervical region. In order however to arrive at a 
knowledge of the origin, course, and destiny of the fibres 
composing the white matter, we must have recourse to mdirect 
methods. The followmg methods may be employed : 

1. Wallerian method. If the cord be cut across trans¬ 
versely, some tracts of white matter will degenerate in the 
cord above the lesion (ascendmg degeneration), while other 
tracts will degenerate m the cord below the lesion (descendmg 
degeneration), accordmg as the cells of origin of the fibres 
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lie below or above the lesion. In this way the white matter 
may be divided mto ascending and descending tracts.^ This 
method may be applied m two ways. The spmal cord may 
be cut and the animal kept alive for three to six months. 
At the end of this time all the degenerated fibres have dis¬ 
appeared and their place is taken by neuroglia. On stamiag 
sections with carmine, the degenerated part therefore looks 
pmker than the rest of the section. A better method is to 
treat the sections by some process such as Weigert’s, which 
stains the normal medullaiy sheaths black. By this treatment, 
the degenerated area is at once detected by its failure to take 
the stam. 

This method will not serve to display the presence of 
isolated degenerated fibres among a mass of normal fibres. 
For this purpose we may use Marchi’s method, which is based 
on the fact that the medullary sheath, when it breaks up, 
undergoes chemical change, and acq[uires the composition of 
ordiuary neutral fat. If a tissue be placed in Muller’s fluid 
for a fortnight, and then in a mixture of osmic acid and 
Muller’s fluid, no blackening of the normal medullary sheath 
is produced, although fat is blackened by the osmic acid in 
the ordmaiy way. The presence therefore of one or two 
degenerated fibres m a section of spmal cord will be at once 
evmced by the appearance of black dots in the otherwise 
unstamed section. In employmg this method, the cord must 
be hardened before the broken-up medullary sheath has begun 
to be absorbed, i.e. about two or three weeks after the lesion. 

2. Method of retrograde degeneration. This is based on 
the changes undergone by Nissl’s granules (chromatolysis) 
as the result of section of the axon of a cell. For example, 
the hypoglossal nerve may be divided and three weeks later 
the animal killed and sections of the medulla cut and stained 
by NissTs method. The distribution of the cells of origm of 
this nerve is at once shown by the marked changes m the 
cells on the side of the lesion as contrasted with the normal 
cells on the opposite side (cf Fig. 271, p. 591). 

8. Developmental method (Flechsig). This method is 

‘ A caution is here neoessaiy It is often aasumed that a tiact which 
degeneiates upwoids is necessaiily aUerent m function, and vice veisd But 
the lesult of section of a penphei-al neive, after which senaoiy as well as motoi 
fibres degenerate below the sechon, shows that the diiection of degeneiatiou is 
not necessaiily the same as the direction of conduction 
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founded on the fact that, when the nerve-hbres are first 
formed in the foetal cord, they are uon-medullated, and the 
different tracts of the cord acqmre a medullary sheath at 
different intervals, the pyramidal tracts bemg latest of all m 
acquiring then* sheath (Pig. 274). 

4. Electrical method. The passage of a nerve-impulse 
along the cord, as along a nerve, is accompanied by an 
electrical change (current of action). It is possible to find 
out by what path the electrical change travels, and thereby 
to determine the path of the impulse of which the electrical 
change is the concomitant (Gotch and Horsley). 

Fio 274 



Seotion thiough tlie cervical spinal coid ol a new-born child, 
stained by Weigert’s method, to show absence of medullation 
m pyiamidal tract ca, antenoi commissme, crossed 

pyramidal tract, direct oeiebellai' tract, postenor 

loot zone, postenoi root-fibiea (Bechterew) 


6. Experimental method. Different parts of the white 
columns may be cut through, and the effects observed that 
are produced in this way on the conduction of motor or 
sensory impnlses. Evidence in this direction is also furmshed 
by the clinical results of lesions of various parts of the cord. 

By a combination of these methods the following con¬ 
clusions have been arrived at. The white matter of the cord 
may be divided into ascendmg md descending tracts (Fig. 276; 
see also Pig. 272). 

A. Descendmg tracts ,—If the spinal cord be divided in 
the cervical region, degeneration of two distinct tracts in the 
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anterior and postero-lateral columns is produced. These are 
the anterior or direct and the crossed pyramidal tracts. The 
fibres composing these tracts are derived from the pyramidal 
cells in the motor area of the cerebral cortex, and are there¬ 
fore found degenerated if the motor area of the cortex is 
destroyed The crossed pyramidal tracts are derived from 
the other side of the cerebral cortex and have crossed the 
middle line at the lower part of the medulla, at the pyramidal 
decussation. The anterior tracts contmue the course of the 
pyramids m the medulla for a time, but cross gradually by 
the anterior commissure on their way down the cord. Finally, 

PiQ. 276 

p.eo 

pj. 

ipy 
dobl 

~ ‘ ol asc. 

fyx 

a-py. 

Diagiam of spinal ooid. a i Antenoi spinal nei-ve-roots p i 
Poflteiioi root apy Anfceiioi pyramidal tract Ipy Lateral 
pyioniidol tiact d obi Direct oerebellai tract p m c Posteiioi 
median column p e o. Posteiior external oolunm al asc. 
Anteio-lateral asoeu^ng tract 

therefore, all the fibres reach the crossed pyramidal tracts. 
They end m the spmal cord by turning into the grey matter, 
where they break up into a fine bunch of fibrils in close 
connection with the motor cells of the anterior cornua (or, 
accordmg to Schafer, with the cells of the posterior cornua). 
On their way down the cord they give off fine side branches 
or ‘ collaterals,’ which run mto the anterior cornu and there 
terminate, thus establishmg connections between one cortical 
cell and the anterior cornual cells of several different seg¬ 
ments of the spmal cord. It is therefore concluded that 
they carry motor impulses from the cerebral cortex to the 
ganghon cells of the cord. Destruction of these columns by 
disease or otherwise causes the abolition of voluntary control 
over the muscles. 
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Ventrally to the pyramidal tracts there is a fau'ly compact gloup ot fibres 
which degenerate downwards This is known as the pre-pyiamidal or rubro- 
spinal tract, sinoe its fibres can be traced up to the cells in the red nucleus, 
a mass of grey matter m the xmd-brain situated yentially to the nucleus of the 
third nerve. 

There are also some scattered fibres m the antero-lateral 
column, -which degenerate in the down-ward direction. These 
were formerly supposed to be derived from the cerebeUmn of 
the same side, but it has been shown that they are m all 
probability derived from Deiters’ nucleus m the medulla, 
■which stands as a do-wnward transmitting station bet-ween 

Fict 276 



Diagram (from Schafer) showmg the ascending (light side) and the 
desoendmg Qeft side) tracts m the spinal ooid. 

1 Grossed pyramidal 2 Direct pyramidal 3 Antero-lateral 
descending. 8a Spino-ohvary descending (bundle of Helweg) 

4. Pre-pyramidol (rubrospinal) 6 Comma 6 Postero-mesial 
7. Postero-lateral 8 Lissauer’s tract. 9 Dorsal (ascending) 
cerebellai 10 Antero-lateral ascendmg sin Septo-maiginal 
ap Z. Dorsal root zone a. Anterior horn cells i Intermedio- 
lateral horn p CeUs of posterior horn, d Clarke’s column. 
The fine dots represent the situation of the * mternunoial ’ 
or * endogenous * fibres of the spinal cord 


cerebellum and oord. These are Bometimes known as the 
vestibulo-spinal tract. 

Beside these tracts there is a httle collection of fibres m 
the posterior colu mn s which degenerates for a few segments 
of the cord helow a transverse lesion (the ‘ comma ’ tract). 
They consist largely of fibres derived from the posterior roots, 
which divide into ascendmg and descending branches as they 
enter the cord, but also contain probably certain fibres derived 
from cells in the cord and serving to connect one segment 
of the cord with another. 



Fig 277. 



‘ Descending U acts ’—la A fibre of the oiosaed pyramidal tract 16. 
An imoroBsed fibie of the pyramidal tiact passing to the lateral 
column of the some side 2 A fibre of the direct pyiamidal 
tract 3. Antero-lateial desoendmg tiuot 4 Pre-pyiamidal 
tract 6. Comma tract ‘ Ascending trmts ,'^—6 PoBtero-mesial 
7. PoBtero-lateiol tract 9 Doisal cerebellar. 10 Antero-lateial 
ascending, m. Motor nerve fibie. s Sensory loots 
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B. Ascendmg tracts .—The tracts which degenerate in the 
cord above a transverse section are four m number: 

1. The postero-median, as far up as the nucleus gracilis 
m the medulla. 

2. The posterior root-zone for one or two segments above 
the lesion. 

8. The direct or posterior cerebellar tract as far as the 
cerebellum. 

4. The antero-lateral ascending tract or anterior cerebellar 
tract. The fibres of this tract also end m the cerebellum 
near those of No. 8, but take a more circuitous path than 
those of the latter tract. 

Division of all the posterior roots on one side causes 
degeneration of the posterior root-zone and postero-median 
column on the same side, as well as of some fibres in the 
‘ comma * tract. Hence the fibres of these columns have 
their trophic centres on the ganglia of the posterior roots. 
The other two ascendmg tracts do not degenerate after section 
of the posterior roots, and must therefore have their trophic 
centres in the cells of the grey matter of the cord. We have 
already mentioued that the direct cerebellar tract is derived 
from the cells of the posterior vesicular column of Clarke, 
and it has been stated that the antero-lateral ascending tract 
also oiigmates in the same way. All these tracts, on their 
way up the cord, send off branches or collaterals which 
terminate round the cells of the grey matter in the different 
segments of the cord. Some of these run from the posterior 
root-fibres directly across to the anterior cornu of the same 
side, and thus subserve the simplest forms of reflex action 
(cf. Figs. 273 and 276). 

The deeper parts of the white matter, near the grey 
matter, in the anterior and lateral columns, are known as the 
ventral and lateral basis bundles. They contain fibres, some 
ascending, some descending, which seem to connect different 
levels of the cord, some fibres of which can be traced from 
the cervical to the lumbo-sacral region. Besides these * mter- 
nuncial ’ fibres, there is a large number of fibres in the white 
matter which do not degenerate more than one spinal segment 
either above or below a transverse section of the cord. These 
are supposed to be commissural, serving to connect one 
segment of the cord with the other. 
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Sboiion 2 

PATHS OF IMPULSES IN THE COED 

All impulses which pass through the cord form parte of 
reflex actions, carried out either hy the cord alone, or with 
the mtervention of the higher parte of the central nervous 
system, the bulb, cerebellum, or cerebral hemispheres. We 
may therefore conveniently distinguish the local spinal re¬ 
flexes from the brain reflexes, mcludiag the complex ones 
involving conscious sensation and vohtion. All these reflexes 
are maugurated by afferent impulses, which reach the central 
nervous system along sensory nerve-roots. 

The posterior spinal (sensory) roots at their entrance into 
the cord divide into two bundles. The smaller of the two, 
situated more laterally and consisting of fine fibres, enters 
opposite the tip of the posterior horn and turns up at once in 
Lissauer’s tract, a bundle of fine longitudmal fibres lying close 
to the periphery of the cord. The fibres seem to pass into 
and end in the substance of Bolando. The larger median 
bundle of coarse fibres passes into the postero-external column. 
Here each fibre divides into a descendmg and an ascending 
branch, the former running in the comma tract, the latter in 
the posterior columns up as far as the gracile and cuneate 
nuclei of the meduHa. Both of these branches give off col¬ 
laterals m the whole of their course, most numerous near the 
pomt of entry of the nerve. These collaterals may be divided 
into four sets accordmg to their destination. 

1. Fibres ending round cells of anterior horn on same 
side or crossing by posterior commissure to grey matter on 
other Bide. 

2. Fibres ending in grey matter of posterior horns, 

8. Fibres ending round cells of Clarke’s column. 

4. Fibres to lateral horn. 

Smce the motor nerves arise from the anterior horn cells, 
the first set, the so-called sensori-motor collaterals, represent 
the shortest possible spmal reflex path. The second group may 
also represent a spinal reflex path with two relays of cells, and 
therefore greater choice of response and longer reaction time. 

The third set puts into action the cerebellar tracts which 
arise from the cells of Clarke’s column, and therefore call into 
play a much more complicated mechanism, the limits of whose 
action it would be difficult to define. The collaterals to the 
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lateral horn probably represent the afferent tracts of the various 
visceral and vaso-motor reflexes which we studied m the earlier 
chapters. 

In dealing with the reflexes involving the co-operation of 
the brain we find no special tracts devoted to those impulses 
which affect consciousness as sensations. All tracts going 
towards the cerebral hemispheres are interrupted by cell re¬ 
lays in the medulla or cerebellum, and must serve as afferent 
channels for unconscious as well as for conscious reactions. 
The quality of an afferent impulse can only be defined by its 
origin, or by its effect on consciousness ; and much discussion 
has arisen as to the exact path of the various cutaneous and 
muscular sensations m the cord. 

It is evident that an impulse may travel to the cortex by 
way of the two cerebellar tracts through the cerebellum, or by 
way of the posterior columns through the mtermediation of the 
bulbar nuclei, or by a series of relays from one segment of the 
cord to another through grey and white matter alternately. 

It is supposed that all of the ascending tracts may con¬ 
vey afferent impulses from the posterior roots to the brain, 
although evidence as to the part taken by each tract is very 
conflicting. The following account represents the views 
which may be regarded as the most probable (Page May): 
Pam impulses, on entermg the cord by the posterior roots, 
cross to the other side at once, and then pass up, chiefly m 
the antero-lateral ascendmg tract of Gowers, as far as the 
optic thalamus. Sensations of heat and cold take a very 
similar course. Hence they are generally affected by lesions 
of the cord m the same way as pain sensations. Impulses of 
touch and pressure, after entermg the cord, pass up in the 
posterior column of the same side for four or five segments, then 
cross gradually and pass up in the opposite anterior column. 
Muscular sensibflity, includmg the impulses from jomts and 
tendons, take two courses. Those which do not reach con¬ 
sciousness, and are mvolved m the involuntary guidance of 
muscular movements, run up chiefly in the anterior and 
posterior cerebellar tracts of the same side. Those which 
furnish the material for conscious sensations and give 
information as to the position of the limbs, cScc., are entirely 
homolateral, and travel up m the posterior columns of the 
same side of the cord. All impulses which reach the brain 
cross finally to the optic thalamus and thence to the cortex of 
the opposite side. 



THE SPINAL CORD 


606 


Hemisection of the cord on one side causes paralysis of 
the same half of the body below the lesion. Muscular sensi¬ 
bility is also destroyed on this side. On the other side of 
the body, sensation to heat, cold, pain, and partially to touch, 
is destroyed. The sensory disturbances however rapidly pass 
off, and in animals the spinal cord can be hemisected alter¬ 
nately on right and left side at three different levels without 
causmg a lasting anaesthesia, showing that in the absence of 
the direct paths the sensory impulses may zigzag up the cord 
and finally reach their destmation and affect consciousness. 

The only direct unbroken cortico-spinal fibres are those 
contained m the pyramidal tracts. Motor impulses, which 
start from the cerebral cortex on one side, pass down that 
side till they reach the lower part of the medulla. Here the 
greater number of the fibres cross over in the j)yramidal 
decussation to run down m the crossed pyramidal tract on 
the other side of the cord. The few fibres which do not cross 
over in the pyramidal decussation are continued as the direct 
or anterior pyramidal tract. These however also cross to the 
other Bide m their passage down the cord before becoming 
connected with the anterior cornual cells. Hemisection 
therefore of the spmal cord m the dorsal region will produce 
paralysis of motion and loss of or impaired sensation in the 
parts supplied by the nerves on the same side below the lesion.^ 

A great part of the white matter of the coid is concerned 
then m maintainmg connection between the bram and higher 
parts of the nervous system and the periphery, through the 
iutermediation of the cells of the grey matter of the cord. 
Corresponding to this function we find a gradual increase in 
the number of fibres in the white matter as we ascend from 
the sacral part of the cord to the medulla, the white matter 
being continually remforced as it ascends the cord by fibres 
establishing connection with the ganglion cells forming the 
nuclei of the nerve-roots. 

Vaso-motor impulses to the limbs travel down the lateral 
columns of the cord on the same side. 

* It baa been lecently stated by Scbafei that the pyiamidiil fibiea end, not 
in the anteiioi cornua but lound the cells of the posteiior eoinua If tins be 
confiimed, it would show that the cortex affected the spinal motoi nppoiatus 
by attacking its sensoiy lathei than its motor side, so as to save a raultiplioatioii 
of co-oidinating mechanisms 
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Shotion 8 

THE COED AS EEPLEX OBNTEB 

In the lower animals, such as the frog, the spinal cord of 
itself is able to carry out many complex reflex actions. If 
the skin around the anus of a decapitated frog is stimulated, 
a sudden extension of both legs is produced, so that the 
annual leaps away from the stimulus. If a small piece of 
filter-paper moistened with acetic acid be placed on the inner 
side of the right thigh, the right foot will be raised and 
used to wipe away the offending object. If the right leg be 
held or be cut off, after various fruitless endeavours to re¬ 
move the irritant with this limb, the left leg may be raised 
and used for this purpose. These and many other similar 
experiments show that the spmal cord, separated from the 
upper part of the nervous system, is capable in the frog of 
bringing about many highly complex cO-ordmated move¬ 
ments, which are apparently purposive, i.e, they seem to have 
a definite object m view; and arguing from experiments, 
such as the second one we have mentioned, it has been thought 
that psychical phenomena may accompany these reflex actions. 
But it must be remembered that summation of afferent im¬ 
pulses occurs just as summation of stimuli applied to a frog’s 
ventricle. A single stimulus, too weak to evoke a reflex 
contraction, may do so if repeated several times. In our 
experiment, the right leg being unable to remove the offend¬ 
ing object, stimulation goes on, and the effect is summated 
until it is strong enough to spread to the other side of the 
cord and so set the left leg m motion. 

The time taken up in the transmutation of afferent into 
efferent impulses in the spmal cord may be estimated by 
measuring the mterval that elapses between stimulation of a 
sensory nerve with a single induction-shock and the resulting 
muscular contraction, and subtracting from the amount so 
determined the time taken in the passage of the impulse up 
and down the nerve-fibres and the latent period of the 
muscle, the contraction of which is recorded. The reflex 
time or ‘ reduced reaction time ’ measm'ed in this way is 
found to be about 0-01 second. 
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A slight stimulus causes reflex contraction only of the 
limb stimulated. A stronger stimulus causes contraction of 
the corresponding Umb of the other side also, and the effect 
of a still stronger stimulus may extend to the other two 
limbs. With this resistance to passage of impulses in the 
cord across the middle line and longitudinally from one 
segment to another, we find a corresponding increase in the 
reflex time. 

Effect of strychnine .—If strychnine be mjected into the 
dorsal lymph-sac of a frog, the spinal cord is so affected that 
the normal resistance to passage of impulses is abolished. 
The shghtest stimulus of the skm now evokes a maximal reflex 
action, there being no longer any proportionality between the 
magnitude of the stimulus and that of the reflex effect pro¬ 
duced. The minimal reflex time is not diminished, but the 
smallest stimulus can travel equally well in all directions in 
the cord. Hence the slightest touch of the skin sends all 
the muscles mto prolonged tetamc contraction, and the frog 
becomes stretched out with its limbs stiff and rigid. 

It has been (shown by Shemngton that the most ohoiaotenstio point about 
the action of strychnine is that this drug con-verts inhibitory into motor 
red exes Tlius when flexion of the knee is excited by stimulation of the pad 
of the foot, this movement involves not only contraction of the homstiing 
muBoles but also lelaxation of the extensors of the knee. After injection of 
Btrychnme a similoi stimulus apphed to the foot causes simnltaneous con- 
tiaction both of extensoia and flexois, all the inhibitory phenomena of eveiy 
co-ordinated musoulai reaction being abohshed by the di ug 

Inhibition .—The reflex action normally following a slight 
stimulus of any part of the body may be completely pre¬ 
vented or inhibited by strong sensory stimulation of some 
other part. If the optic lobes of a frog be stimulated by 
putting a crystal of salt on them, or the central end of the 
right sciatic nerve by means of a faradic current, stimulation 
of the skin of the left leg with acid produces no effects 
whatever. A striking parallel mstance of this occurs in our 
daily mental life. Concentration of the attention m any one 
direction, either by severe pam or through psychical excite¬ 
ment, causes similar stimuli to be quite unheeded, so that in 
battle a man may be unaware that he is severely wounded 
until he feels famt or sees blood flowing. We may say, 
putting the phenomena of the spmal cord into terms of con¬ 
sciousness, that its ganglion cells are so much occupied with 
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the stronger stimulus that they do not notice a weaker 
stimulus applied to some other part. 

Spinal Beflexes in H%gher Animals 

When we come to the highest animals—monkey and man 
—theie seems to be a striking difference between their spinal 
cord and that of the frog, in that the reflex actions, which 
can be carried out by the cord severed from the medulla and 
brain, are limited to those of the simplest nature. If a man 
has had his cord crushed m the dorsal region, tickling the 
soles of his feet will cause him to draw up his legs, although 
he is perfectly unconscious that his feet are bemg touched. 
But beyond one or two simple reflexes of this description, 
the spinal cord seems to have no power of carrying out 
co-ordinated acts. It is however difiScult in these cases, and 
m experiments on the spmal cord in mammals, to eliminate 
the effects of shock. After total transverse section of the 
spinal cord high up, the animal is in a condition of shock, 
which lasts a considerable time, his vital activities are pro¬ 
foundly depressed, and it may be impossible to evoke even 
the simplest reflex action by stimulation of any sensory sur¬ 
face below the lesion. But if the experiment be carefully 
conducted, and the animal be kept alive for a considerable 
time, the cord little by httle recovers its powers, and we then 
find that the spmal cord of the dog can carry out the most 
complicated reflex movements without any connection with 
the higher centres. In a dog whose cord has been divided 
m the dorsal region, the reflex movements req[mred for 
micturition, defaseation, impregnation, and parturition may 
be normally earned out. If the dog, which usually squats 
on the ground owing to the paralysis of its hmder extremities, 
be raised on its hmd legs by the hands being placed under 
the fore-legs, and given a little push forwards, the animal 
may run along for a few steps before it collapses agam into 
a sitting posture. In this case the reflex running movements 
of the hind legs, earned out by the separated spinal cord, 
are started by the sudden stretching of the anterior thigh 
muscles. 

The vascular tone m the lower part of the body, which is 
ost for some time after the operation, is also regamed. 

Muscnlai tone .—Every muscle in the body is normally in 



THE SPINAL CORD 


609 


a condition of slight continued contraction, which is known 
as muscular tone. If a frog with intact spinal cord be sus- 
pepded by the jaw, and the nerves going to the lower limb 
be cut, this limb wiU hang down straighter than the other in 
consequence of the abolition of its muscular tone. The same 
result may be produced if, instead of dividing all the nerves 
of the limb, only the sensory or only the anterior roots of 
those nerves be divided. This shows that muscular tone 
is reflex, and depends for its maintenance on the intact con¬ 
dition of afferent paths, centre, and efferent paths. On the 
presence of this tone depends the phenomenon known as 
‘ tendon-reflex * or knee-jerk. If the leg be allowed to hang 
loosely and the patellar tendon be struck, the extensor 
muscles of the thigh contract and raise the leg. This con¬ 
traction IB probably due to the dnect stimulation of the 
muscle by the sudden stretchmg produced on striking its 
tendon. If the muscle has lost its tone by disease of the 
spinal cord, or through section of the afferent or efferent fibres, 
strikmg the tendon will no longer stretch the flabby muscle, 
and the tendon-reflex will be abohshed. The mere stretching 
however is not the only factor, since under these conditions 
no knee-jerk is produced, however much the muscle may be 
passively stretched. The impulses descending the nerves 
to the muscles seem to keep them in a state of wakefulness, 
ready to respond to the slightest local stimulus. The cha¬ 
racters of these reflex tonic impulses are much affected by 
the influence of other afferent stimuli. Especially interestmg 
is the relation shown by Sherrington to exist between the 
tonic condition of antagonistic muscles, e.g. between the 
hamstrings and the vastus internus of the quadriceps extensor 
muscle. Section of the hamstring muscles (so as to relax 
them), or even section of their nerve, causes at once great 
mcrease in the jerk elicited by tappmg the patellar tendon. 
On the other hand the knee-jerk is at once abolished by 
stretching the hamstring muscles, or by weak stimulation of 
the central end of the cut nerve to the hamstrings (Pig. 278). 
Every sensory stimulus which evokes contraction of one set 
of muscles will therefore produce inhibition of the antago¬ 
nistic set. 

Very great exaggeration of the tendon phenomenon is ob¬ 
served in cases where the pyramidal tracts are degenerated, 

39 
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and indicates a heightened reflex excitability of the lower 
spinal centres, perhaps reinforced by impulses from the cere¬ 
bellum. 

The value of the tendon phenomena as a means of dia¬ 
gnosis has tended to obscure their great importance in the 
normal individual. Every joint is protected by inextensible 
ligaments and by muscles. A sudden stram on a ligament 
either will have no effect, or will rupture some of its fibres 
and pej'haps injure the adjacent joint surfaces. An ordinary 

Fifl. 278 



Dicigram to show muscles and nerves conoemed m SheiTiagton’s 
expeximent on the leoiprocal innervation of antagonistic 
muscles. L.3, L 4, L.5, third, fourth, and dfth lumbai roots, 

S1, S 2, hist and second saor^ loots. 

reflex contraction would be powerless to prevent this, since 
the mischief would be done before the reaction could take 
place. But the central nervous system confines itself to 
keeping the muscles awake, so that they themselves may 
react to any sudden increase in their tension by an equally 
sudden contraction, which saves the joint before the central 
nervous system has even become aware of the strain. 

Co-ordination of Movements by the Cord .—Since the act 
of stretching a muscle in a normal state of tone acts as an 
excitant, and causes increased tone or even contraction, every 
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movement of a limb, by puttmg the muscles, antagonistic to 
the movement, on the stretch, would tend to prevent the 
carrying out of the movement. Thus flexion of the knee 
would stretch the extensor muscles and thus increase their 
tone and resistance to the movement of flexion. Sherrington 
has shown however that every movement of a hmb, worked 
reflexly, involves not only the contraction of the muscles 
effeotmg the movement, but also a simultaneous inhibition of 
tone and relaxation of the antagonistic muscles, and this 
occurs in the ‘ spinal animal,’ i.e. in one whose spinal centres 
are entirely cut off from the brain. Thus a * painful’ 
stimulus, such as the prick of a needle applied to the pad of 
the foot, causes retraction of the foot, and this movement 
involves contraction of the flexors and relaxation of the 
extensors of the limb. On the other hand gentle pressure 
applied to the pad causes inhibition of the flexors and con¬ 
traction of the extensors, so that the limb is extended. 

The reflex extends also to the other side of the cord, bat 
here the efforts are reversed; extension of the stimulated 
limb being associated with flexion of the opposite limb, ^,e. the 
ordmary association of movements involved in the diagonal 
action of the limbs in progression. 

The spinal cord is thus able to carry out co-ordinated acts 
of considerable complexity, these acts beiug adapted to the 
character and situation of the stimulus, and also to the 
previous state of activity of the cord and of the muscles 
involved 

Other reflex functions of the cord are concerned with the 
carrjring out of the following actions : — 

Micturition. 

Defeecation. 

Impregnation and parturition. 

Vascular tone. 
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CHAPTEE XV 
THE BRAIN 
Sbotion 1 

THE STEUOTURE OE THE BEAIN 

The physiology of the brain falls naturally mto two main 
divisions, viz.—the cerebral hemispheres, and the rest of the 
brain, including medulla, pons, iter, and corpora quadrige- 
mina, and third ventricle. 

This second part may be considered as a prolongation of 
the spinal cord forwards, consisting like this of a central 
tube of grey matter, surrounded by a tube of white matter. 
Owing to the importance and complex connections of the 
nerve-roots which arise from this part of the neural axis 
(cranial nerves), the typical division of grey matter into 
cornua becomes lost; and we find that, while some nerves 
take their origin from the central tube of grey matter, in 
other cases the collection of cells foimmg the nucleus has 
become more or less separated from the central axis. 

Moreover masses of grey matter, which have no repre¬ 
sentative in the cord, make their appearance in the white 
matter. 

The roof of the neural canal, which over the third ven¬ 
tricle and the posterior part of the fom*th is greatly thmned, 
consistmg merely of a layer of epithelial cells, is thickened 
over the iter (second cerebral vesicle) to form the corpora 
quadrigemma, and over the pons and anterior part of the 
fourth ventricle it grows out mto a large excrescence with 
complicated structm'e—the cerebellum (cf. Fig. 285). Cover¬ 
ing the corpora quadrigemina and cerebellum is a layer of 
grey matter outside a central mass of white fibres. The 
lateral walls of the third ventricle (first cerebral vesicle) are 
thickened to form the optic thalami, which contain masses 
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of gi-ey matter. The cerebral hemispheres are formed by- 
hollow outgrowths from the first cerebral vesicle. These in 
coui'se of development become as large as the whole of the 
rest of the bram put together, and grow backwards over the 
rest of the bram as far as the middle of the cerebellum 
(Figs. 9,10, pp. 16,17). Theii upper walls become very much 
thickened, and consist of white matter mtemally and grey 
matter externally. Their lower walls remain as a thin layer 
of undifferentiated epithelial cells, this becomes closely 
apphed to the epithelial layer formmg the loof of the thmd 


Fig 279 



Humau biain viewed fiom fche side, to display the various divisions 
(Quain) A, ceiebial hemispheie; B, ceiebellum, 0, pons 
Vtuolii, D, medulla oblongata, a, cruia cerebii, 6, supeiioi, 
c, middle, and f?, infeiior peduncles of oeiebellum 

ventricle, from which it is separated only by a process of the 
pia mater carrymg numerous blood-vessels (the velum mter- 
positum). The lower and outer wall of the cerebral hemi¬ 
spheres becomes very much thickened, and foims the corpus 
striatum, which is closely applied to the front and outer part 
of the optic thalamus. In'it two” masses of grey matter are 
developed, the nucleus caudatus and nucleus lenticularis, 
separated from one another by a layer of white fibres, which 
is continuous with a similai layer separating the corpus 
striatum from the optic thalamus, and is called the internal 
capsule. 
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It Will be convenient to trace first the modifications under¬ 
gone hy the axial part of the nervous system in the brain, 
and then to deal with the new masses of grey matter which 
have no homologies in the spinal cord, as weU as the long 
tracts of white matter serving to connect different levels or 
different sides of the brain. 

In examining successive sections from the spinal cord 
up through the medulla, the first change which makes 
its appearance is due to the decussation of the pyramids 


Fig. 280 



Section thiougli the lowei boidei of the medulla oblongata, afc 
the pyiamidal decussation (Beohteiew) / 1 a anterioi fisame , 
df decussation of the pyramids, V, anterior columns; C a, 
Hjiteiioi cornu, co, cential canal; S, lateial columns, /r, 
formatio leticulaiis, ce, neck, and head of the posteiioi 
ooinu; tpGJ, poatenoi loot of fust cemcol nei've, ?ic, 
beginnmg of nucleus cuneatus, ng^ nucleus graciha, 
funiculus giacilis, JET®, fumculus cuneatus, sip, poatorioi 
hsaure. 

(Pig. 280). Throughout the spinal cord, fibres have been 
crossing from one side to the other through the anterior 
white commissure, many of them belonging to the pyramidal 
system. But at the lower border of the medulla we see 
a large mass of fibres crossing between the anterior columns 
and the postero-lateral columns, at first cutting off the head 
of the anterior horn and later on breaking this up altogether, 
BO that the only definite collection of grey matter left in this 
situation is a small part of the lateral column of grey matter 


THE BRAIN 


616 


known as the lateral nucleus. In this way are formed the 
big anterior columns of the medulla, which are known as the 
pyramids, and which contain all the fibres that in the cord 
are represented by the direct and crossed pyramidal tracts. 

The next change is due to the endmg of the posterior 
columns. It will be remembered that these are the central 
ascending branches of dorsal nerve-roots, havmg therefore 
an origin outside the cord. All the Way up the cord they 
send m collaterals to end in the grey matter of the posterior 
horn. The main mass however terminates in the medulla 
just above the pyramidal decussation in two collections of 
grey matter—the nucleus gracilis and the nucleus cuneatus, 
which seem to be formed by a great hypertrophy of the grey 
matter at the root of the posterior horn. The effect of this 
development in the dorsal region of the medulla is to push 
the head of the posterior horn outwards- At the same time 
this mass of gelatinous substance becomes enlarged, so that 
in section we have three grey masses from within outwards, 
the nucleus gracilis, the nucleus cuneatus, and the nucleus of 
Kolando (Fig. 281). 

With the disappearance of the posterior columns and the 
development of the pyramids we get a practical obliteration 
of the anterior fissui-e and a displacement of the central 
canal towards the dorsal sui’face. A little higher up the 
canal opens out altogether, forming the fourth ventricle, 
covered on its dorsal surface only by a thin layer of epen¬ 
dyma, a simple epithelium representing all that is left of 
the dorsal wall of the primitive hind brain. The appearance 
of the section is now modified by two structures. In the 
first place a new mass of grey matter consisting of a thin 
layer shaped like a flask with its orifice directed inwards 
(Fig. 282, o) is developed in the lateral part of the medulla, 
between the pyramids in front and the tubercle of Bolando 
behind. This is the olivary body, and has on its inner and 
dorsal sides two other little giey masses which are the acces¬ 
sory olivary bodies. The other feature is the new relay of 
sensory fibres which start from the dorsal nuclei, the nuclei 
gracilis and cuneatus. These fibres run outwards and for¬ 
wards from the nuclei right round the medulla, some passing 
superficially to the olivary body to join the restiform body of 
the opposite side, while others pass deeply to the olives, and 
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croasing in the median raphe turn upwards in the broken 
mass of gi'ey and white matter which lies between the olives 
and the superficial grey matter of the fourth ventricle. 
Some fibres also pass into the restiform body of the same 
side. 

It will be remembered that the anterior half of the fourth 
ventricle is covered in by the cerebellum, which is attached 
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Section of the medulla oblongata m the region of tlie Bupeiioi 
pyi*aniidal decussation (Schwalbe) t 0 anteiioi median 
fissure; /a, supei’flcial aroiform fibies emeigmg fioni the 
fisBuie;^, pyramid; nar., nucleus of the aioifoim fibies, 
fa \ deep aiciform fibies becoming superficial, o, lower end 
of olivary nucleus, o', accessory olivaiy nucleus, n.l , nucleus 
latei‘alis, /r, fomatio letiouloiis, /aoroifoiiu fibies pio- 
ceedmg torn formatio letioularis, j/, substantia gelatinosa 
of Bolando, a F, desoendmg lOot of fifth nerve , 7i c , nucleus 
ouneatus; nc\ external ouneate nucleus, /c, funiculus 
cuneabus, w p , nucleus gracilis, /f7 1 fumculus gi-aoilis, jd w/, 
posterior median fissuie, cc, oenLial canal suirounded by 
grey mattei, m which aie nXI, nucleus of the spinal ac¬ 
cessory, and nXIIi nucleus of the hypoglossal, sd, supeiior 
pyramidal decussation (decussation of fillet) 

to the axial part of the brain by three peduncles, the infeiior 
peduncle or restiform body, the lateral peduncles which form 
the great mass of transverse fibres known as the pons Varolii, 
and the superioi peduncles which run forward to the pos¬ 
terior corpora quadrigemina. The restiform bodies can be 
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regaided as the direct continuation forwards of the postero¬ 
lateral coliunns of the cord, 7)mius the j^yranudal tracts, the 
chief remaining tract therefore bemg the posterior or dmect 
cerebellar tract. In the region of the dorsal nuclei, however, 
it receives accession of fibres from the gracile and cuneate 
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Section of the medullRi oblongata at about the middle of the 
olivary body (Sch^valbe) \ f la , auteiioi median fissuie, 
71 fl? , nucleua aioifonms; pyramid, XII^ bundle of hypo¬ 
glossal neive emergmg from the Bm-fiico; at 6 it is seen 
coursing between the pyramid and the olivaiy nucleus, o, 
/ae , external arcifoim fibres, w Z, nucleus lateialis , a, oici- 
foini fibies passing towaids restifonn body, paitly thiough the 
substantia gelatiuosa, p, paitly supeificial to the descendmg 
root of the fifth nerve, a. 7 , Z, bundle of vagus loot, emeig- 
ing, fy , formatio letioularis, cr, corpus lestiformo, begin¬ 
ning to be formed, chiefly by aioifomi fibies, supeificial and 
deep; 7ic, nucleus ouneatus, np, nucleus giaoilis, attach¬ 
ment of the tGBnia,/s, fumculus solltaiius; iiX, nX\ two 
parts of the vagus nucleus, n XII, hypoglossal nucleus; nt, 
nucleus of the funiculus teies, nam,, nuolens ambiguus, 
r, laphe , A, foimatio leticulans alba, o', o", accessory oliviuy 
nuclei, o, olivaiy nucleus , o Z, pedunculus ohvro 


nuclei of the same side and, through the superhcial arcuate 
fibres, from the nuclei of the opposite side, and thus passes 
as a thick white bundle into the cerebellum. On its way it 
is joined by a smaller bufidle, the internal restiform body, 
which conveys fibres from the vestibular division of the 
eighth neiwe and from Deiters’ nucleus to the cerebellum. 
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A section through the pons shows the fourth ventricle 
widely dilated, with a floor formed of grey matter as in the 
medulla. The chief difference in the appearance of the sec¬ 
tion is due to the great masses of transverse fibres which 
pass into the pons by the lateral peduncles of the cerebellum, 
eross by the median raphe, and either turn upwards or down¬ 
wards on the opposite side or end in connection with the 
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Section across the pons at about the middle of the fourth ventiicle 
(Schwalbe) ^ py pyramid bundles continued up from the medulla; po^ 
transverse flbies of the pons passmg fiom themiddle cius of the oerebellnm, 
before (po*) and behind the chief pyramid bundles, t, deepei fibres of 
the same set, constituting the trapezium, the giey mattei between the 
transverse fibres is not lepresented, r, raphe, o s, supeiior olivary 
nucleus , a 7, bundles of the descencLing sensory loot of the fifth neive 
enclosed by a prolongation of the grey substance of Bolando, 7J, loot 
bundle of the sixth neiwe, n 71, its nucleus, 711, loot bundle of the 
faciaJ neiwe, 7JZfl, longitudinal poition of the same, n 7IJ, its nucleus , 
7ZJ/, (supenoi j root of the auditoiy ner\'e, n 7JiJ, its nucleus; u, 
section of a vem 

nerve-cells which are scattered throughout the white fibres. 
The pyramids can still be seen as thick longitudinal bundles 
on each side m the midst of the transverse fibres. Dorsally 
to these transverse fibres is a special mass of grey matter 
known as the superior olive. Even m the pons we can 
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divide the nervous mass, lying below or anteriorly to the 
central grey matter, into two parts—the formatio reticularis 
behind and the transverse fibres and pyramids m front. A 
httle further forward a section will escape the cerebellum 
altogether, and will cut through the fourth ventricle, bounded 
ventrally by the upper part of the pons and dorsally by the 
thin mass of grey matter, the valve of Vieussens (Pig. 283). 
On each side will be seen the superior peduncles of the cere¬ 
bellum, made up of fibres runnmg from cerebellum to posterior 
corpora quadrigemina, as well as the continuation upwards 
of the antero-lateral ascending tract, which passing up in 
this peduncle bends dorsally round the fourth nerve, and 


Fig, 284 



Difigramrruitio tianbveiae section thiough niid-briiin to show position of 
fillet and pyi amid AQ Anteiiorcoipus quadiigemmum dV Descend¬ 
ing motoi loot of fifth nerve F Fillet (I, lateial, and m, mesial fillet) 

Pyi Pyramid Fi Fibiea from fiontal lobe to pons T 0 Fibres fiom 
occipital lobe to pons Ne, Fibres from nucleus oaudatus to pons III 
Root of thud nerve. S Sylvian itei Bn, Bed nucleus. 

running backwards ends m the superior vermis of the cere¬ 
bellum. 

A little further forwards the fourth ventricle comes to an 
end, and the section passes through the mid-biain, the cavity 
of the second cerebral vesicle being lepresented by the narrow 
Sylvian aqueduct, bounded doi sally by the coipora quadri- 
gemma and ventrally by the crura, the stalks of the brain. 
The crura are divided by an irregular mass of giey matter, 
the substantia nigra, into two parts. Anteriorly is the pes 
or crusta, composed almost entirely of longitudinal white 
fibres. The dorsal part, the tegmentum, is a direct prolonga¬ 
tion forwards of the formatio reticulaiis of the medulla and 
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pons, and like this contains much scatteied grey matter, 
besides one large, more distinct mass known as the red 
nucleus. 

The cerebral axis comes to an end at the third ventricle, 
which corresponds to the first cerebral vesicle. It terminates 
in the following way: the roof ceases to exist, being reduced 
to a mere layer of epithehiun. The floor is also thinned, but 
still contains nervous matter, forming the optic commissure, 
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Poitiou of a median section of tlie biam, showing the coipus 
caUoBuiu, thud ventiicle, }tei or aqueduct of Sylvius, fouitli 
ventnole, ceiebellum, pons, eto (G D Thane ) 


the infundibulum, and the corpora albicantia (Fig 285). The 
lateral wall however undergoes considerable development 
and forms the great ceiebral ganglion knovn as the optic 
thalamus. Fiom the front part of the first cerebral vesicle 
the cerebral hemispheres have been developed, and in the 
anterior and basal portion of these hemispheres a complicated 
mass of grey matter, the corpus striatum, has been developed 
in close proximity to the optic thalamus. As the crura cerebri 
pass up, the tegmentum becomes continuous with the optic 
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thalamus and tissues of the subthalamic region, while the 
crusta diverging somewhat sweeps round the outer surface of 
the optic thalamus, lying thus between the posterior part of 
the corpus striatum (the lenticular nucleus) and the optic 
thalamus. In front the fibres pass as a distinct layer through 
the substance of the corpus striatum between the nucleus 
leuticularis and nucleus caudatus of this body. The layer of 
white matter is thus fan-shaped, and expands still further 
after passing between the basal ganglia to be distributed to all 
parts of the cortex of the cerebral hemispheres, forming an 
important constituent of the white matter, the corona radiata, 
underlying the superficial grey matter. The part between the 
basal ganglia is known as the internal capsule (-y. Figs. 286 
and 287). The anterior and posterior parts (in horizontal 
section) are luclined to one another, so that we can distin¬ 
guish an anteiior and a posterior limb, the junction of the two 
l)eing known as the genu. 

The Axial Grey Matter 

In the spinal cord we could distinguish between the 
anterior grey matter giving origin to the motor nerves, the 
posteiior grey matter serving as an end-station for a number 
of the sensory posterior root-fibres, and a lateral horn, less 
well maiked, probably giving origin to the visceral system of 
nerves. 

As the central canal widens out to form the fourth ven¬ 
tricle, the relative position of these various parts becomes 
altered, the anterior grey matter being now nearest the 
median Ime, while the posterior grey matter lies more late¬ 
rally. The lateral grey matter seems to he deeper than the 
rest, from which it is separated by a part of the tangle of 
fibres and cells known as the formaho reUculans. 

All the cianial nerves from the third to the twelfth arise 
or end in the axial grey matter, or in close proximity to it. 
So great however is the complexity of this part of the ner¬ 
vous system, and so involved aie the genetic lelations of the 
various nerves, that it is difficult or impossible in many cases 
to state definitely the spinal analogies of the various nerves. 

The cranial nuclei (of origin or termination) may be 
roughly classed as follows : 



622 


PHYSIOLOGY 


1. Motor miclei, close to the middle line in floor of fourth 
ventricle and iter. From below upwards we get definite 
groups of large cells giving origm to the fibres of, the hypo¬ 
glossal, sixth nerve, fourth nerve, third nerve 

2. Sensory %.e, first cell-stations of afferent fibres 

havmg their trophic centres outside the cord. These lie 
externally to the motor nuclei, and are represented by the 
combmed nucleus of the glossopharyngeal, vagus, and acces¬ 
sory, and also by the nuclei of the eighth nerve and the 
sensory nucleus of the fifth, with its descending prolongation 
in the s^Lbstantla gelahnosa. 

3. Nuclei of efferent nerves belonging to the splanchnic 
system. These he more deeply at some distance from the 
middle Ime, and mclude the nucleus ambiguus for the efferent 
fibres of the vago-glossopharyngeal, the nucleus of the seventh 
or facial, and probably the motor nucleus of the fifth nerve. 

In a cross-section of the medulla at the pyramidal decus¬ 
sation, before the central canal has opened out (Fig. 280), 
two groups of cells are seen in the central grey matter. 
The anterior of these consists of large multipolar cells, and 
gives origin to the motor fibres of the hypoglossal nerve. 
The posterior group is the lower end of a long column which 
receives the end-arborisations of the afferent fibres of the 
ninth, tenth, and eleventh nerves {glossopharyngealy vagus, 
and bulbar portion of spinal accessory). 

In a section a little higher up, taken through the middle 
of the ohvary body (Fig. 282), the central canal has opened 
out into the fourth ventricle, and the vago-glossopharyngeal 
is now seen lying laterally to the hypoglossal nucleus. The 
nerve-fibres connected with these nuclei pass out on either 
side of the ohvary body, the hypoglossal taking the median 
and the vago-glossopharyngeal the lateral position. The 
fibres of these afferent nerves, like all others m the bulb or 
cord, divide into ascendmg and descending branches on arriving 
at their grey matter. The ascendmg branches are short, but 
the descending extend some distance down the medulla, as a 
special bundle, the funiculus solitarius, lying immediately 
under the vago-glossopharyngeal nucleus. This bundle is 
sometimes called the descending sensory root of the glosso¬ 
pharyngeal, or, from its supposed importance for the respira¬ 
tory centre, the respiratory bundle of Qierke. 
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The motor fibres of the vago-glossopharyngeal, which are 
splanchnic in function, arise from a mass of grey matter lying 
deeply in the medulla, and oorrespondmg appaiently to the 
lateral horn. This nucleus is known as the nucleus ambiguns 
{n,am.y Fig. 282). 

At the upper part of the medulla, where the fourth ven¬ 
tricle attains its greatest diameter, the important eighth 
nerve enters (Fig. 296, p. 639). This really consists of two 
nerves, an outer division derived from the cochlea and 
carrying auditory sensations, and an inner division derived 
from the vestibule and semicircular canals and conveying 
afferent impressions which determine the maintenance of 
equihbnum. These nerves are purely sensory, and are 
derived from bipolar cells situated in the internal ear. As 
they enter the medulla they are separated by the mass of 
white fibres forming the restiform body. Both sets of fibres 
bifurcate on entering the medulla. The branches of the 
cochlear nerve make connection with two collections of cells, 
the dorsal nucleus, apparently embedded in the fibres of the 
root itself, and the accessory nucleus, a little triangular 
mass of grey matter situated in the angle between the 
cochlear and vestibular nerves. From these nuclei fibres 
are given off which take two courses. Some, followmg the 
previous course of the cochlear nerve, pass across the sur¬ 
face of the fourth ventricle as the strice medullares or strice 
acousticcB^ and then bending mwards pass into the tegmentum 
of the opposite side. Others pass deeply and form a mass of 
transverse fibres in the ventral part of the tegmentum, known 
as the corpus trapezoides. After making connections with 
the superior olivary body and a special nucleus, they join the 
superficial set of fibres, and pass up in the tegmentum to the 
inferior corpora quadrigemina, forming the lateral fillet. 

The vestibular nerve also has two nuclei of termination, 
the median nucleus with small cells, and the lateral or 
Belters' nucleus with large cells. The descending fibres end 
chiefly in the median nucleus, while the ascending fibies end 
in Belters* nucleus. From the latter a distinct band of fibres 
passes up to the cerebellum, forming the median division of 
the restiform body, while other fibres run across to the teg¬ 
mentum of the opposite side, where they take part in the 
formation of ih^postei lor longitudinal bundle. 
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In a section through the fourth ventricle through the" 
middle of the pons, a group of laige cells is seen in the 
position occupied by the nucleus of the hypoglossal below. 
In this situation however these cells give rise to the fibres 
of the sixth nerve. Another group is seen lying laterally and 
more deeply, evidently belonging to the lateral horn system. 
This is the nucleus of the seventh or facial nerve, the fibres 
of which pass dorsally and anteriorly, looping round the sixth 
nerve-nucleus, before issuing as the root of the seventh nerve. 

In the upper part of the pons we find the big fifth nerve 
with its two roots. The fibres of the sensory root derived 
from the cells of the Gasserian ganglion bifm*cate. The 
upper divisions, which are short, end in a mass of grey 
matter at the lateral part of the formaho rehculans, the 
so-called sensory root, while the descending divisions form a 
long strand of white fibres passing down as far as the second 
cervical nerve. They form a sort of cap to the substanha 
gelahnosa of Eolando, around the small cells of which the 
fibres finally terminate. The motor fibres arise partly from 
the motor nucleus, a mass of cells lying internally to the 
sensory nucleus and belongmg probably to the lateral horn 
system. A large number however are derived from a long 
column of cells, which stretches forward from the nucleus 
as far as the level "of the anterior corpora quadrigemina. 
These fibres are known as the descending motor root of the 
fifth nerve. 

In the region of the mid-brain, besides the root of the 
fifth nerve just mentioned, we find only the motor nuclei of 
the fourth and third nerves, which are situated near the 
median Ime in the ventral part of the central grey matter, 
correspondmg in situation to the sixth and twelfth nerves 
lower down. 

Intel mediate Grey Mattel of the Cerebral Axia 

The masses of gray matter which are found throughout 
this region may be regarded as extra shunting stations (or 
association centres for various systems of nuclei and conduct¬ 
ing paths), which have arisen in consequence of the great 
complexity of reaction required of the nerve mechanisms in 
connection with the organs of special sense. We must 
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confine ourselves here to little more than the enumeration 
of some of the chief masses, though we shall have occasion 
to refer to some in more detail when dealing with the co¬ 
ordinating mechanisms of the cerebral axis. From below 
upwards we may enumerate the followmg grey masses : 

In the meduUa is the large olwary body, with the accessory 
olive lying on its inner side. Each olive sends fibres across ' 
the middle line to the opposite cerebellar hemisphere, and 
must be regarded as connected with this body in its functions, 
smce atrophy or removal of one side of the cerebellum is 
followed by atrophy of the opposite olive. 

In the pons we find a similar but smaller body, the 
svjpenoT olwe, in the neighbourhood of the nucleus of the 
seventh nerve. The superior olive is closely connected with 
the co-ordination of visual and vestibular impressions with 
the eye movements (Fig. 290) 

Deiiers' micUihs, which occurs in the same region, although 
described as one of the nuclei of the eighth nerve, might 
equally weU be included in this class owing to its manifold 
connections with both afferent and efferent mechanisms. 

In close connection with Deiters’ nucleus are a number of 
grey masses in the cerebellum, the so-called roof-nuclei in 
the roof of the fourth ventricle, and the dentate nucleus in 
the nuddle of each cerebellar hemisphere. 

In the mid-brain we must mention the superficial grey 
matter covering the corpora quadrigemina. 

On the ventral side of the Sylvian iter are various masses 
of grey matter m the crura, the red nucleus, a large mass in 
the tegmentum just below the oculo-motor nucleus, and the 
substantia nigra, which divides each crus into two parts, the 
dorsal tegmentum and the ventral or crusta. 

Pmally at the fore part of the cerebral axis we come to 
the two great ganglionic masses already described, the optic 
thalamus and the corpus striatum. The optic thalamus is 
connected by fibres with aU parts of the cortex and represents 
the ter min ation of the whole tegmental system, so that in 
many ways it may be regarded as a sort of foreman of the 
central nervous system, bringmg aU parts of this system in 
relation with the supreme cerebral cortex. 

The corpus striatum on the other hand represents the 

40 
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most primitive part of the oerebral hemispheres. It does 
not act as the intennediary between the cortex and the lower 
parts of the brain, but its fibres run to lower levels in company 
with those from the cortex. It seems possible that it may 
under conditions carry out in a simple way the functions which, 
with more elaboration, need the co-operation of the cortex. 


Fig. 286. 



DiagrammatiQ vertical section through brain showing course of 
pyramidal fibres M 0 Ooitex on which are situated the motor 
centres 10 Internal capsule C N Oaudate nucleus. 0 T 
Optic thalamus L N Lenticular nucleus D Point of decus¬ 
sation of fibres toPN, facial nucleus VII Seventh neive. 

P Pyionuds of medulla AP Anteiioi pyramidal tiact 
Lp Lateral pyramidal tract, M 0 Medulla oblongata S C 
Spmal cord Obi Cerebellum 

The Connecting Tracts of the Brain 

The tracts of the white matter of the brain may be divided 
into the longitudinal tracts which connect different levels of 
the brain with one another, and the commissural or transverse 
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tracts which run across from one side of the brain to the 
other and serve to coimect the two sides of the brain at the 
same level. The longitudinal tracts may be divided iuto 
those contamed m the crusta or pes and its continuations, 
and those which run in the tegmentum. 

The Pedal System .—The most important of these tracts is 
the pyrarmdal tract of fibres which, arising from cells in the 
central portion of the cerebral cortex (the motor area), pass 
along the corona radiata and converge to form the genu and 
anterior two-thirds of the posterior limb of the internal 

Fig 287. 



Hoiizontal seotion thiougli basal ganglion to show aiTangement 
of :dbreB m internal oapsule Fiom before backwards the Abies 
go to the motor centres for the eye, head, tongue, mouth, 
shouldei, elbow, Angei s, abdomen, hip, knee, and foot S Fibres 
fiom temporo-oooipital region oc Fibres to occipital lobe 
op Optic radiations. No Nucleus caudatus. 0 T Optic thala¬ 
mus N L Nucleus lenticulans (Aftei Sherrington) 

capsule. The arrangement of fibres in the internal capsule 
accordmg to their function is indicated in Pig. 287. Thence 
they pass through the crura cerebri, taking up the middle 
two-thirds of the crusta, and then through the pons. 
Emergmg from the lower border of the pons, they form two 
thick masses, the anterior pyramids of the medulla. At the 
lower part of the medulla, the major portion of the fibres 
passes across to the posterior part of the lateral column of the 
other Bide, and is continued down this side as the crossed 
pyramidal tract. A small number of fibres of each tract do 
not Cl OSS at once, but pass down in the cord in the same 
situation as they occupied in the medulla, forming the direct 
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or anterior pyramidal tracts. These however also cross 
gradually in the cord before reaching their final destination— 
the anterior cornu of the opposite side. 

The anterior hmb of the internal capsule in front of the 
genu is occupied by the frontal cortical fibres, which are 
derived from the grey matter of the frontal lobes and which 
proceed along the innermost portion of the crusta to the 
pons, where they end, probably m indirect connection with the 
transverse fibres of the middle peduncle of the cerebellum. 

Immediately behind the pyramidal tracts in the posterior 
limb of the internal capsule is a collection of fibres (the 

Pm 288 



Transverse section through mid-bram to show position of 
fillet and pyiomid A Q Anterior corpus quadrigeminum 
dV. Descending root of fiith nerve F Fillet (I, lateial, 
and m, mesial fillet) Pyi Pyi’amid Fr Fibres from 
frontal lobe to pons TO Fibres from occipital lobe 
to pons Ne Fibres from nucleus caudatns to pons 
m. Boot of thud nerve S Sylvian iter Rn Red nucleus. 

temporo-occipital cortical) which run from the temporo- 
oceipital convolutions of the cortex through the internal 
capsule and along the outer lateral border of the crusta to 
end in the pons in the same manner as the frontal fibres just 
described. 

A fourth constituent of the crusta, which does not appear 
in the internal capsule, is the small band of fibres derived 
from the caudate nucleus of the corpus striatum. These 
firbes seem to end partly in the substantia nigra itself and 
partly, along with the others of this system, in the pons 
Varolii. 

The Tegmental System ,—Whereas the pedal system con¬ 
sists of fibres which for the most part degenerate downwards 
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Cortex cerebri 



Lateral fillet-u 


Corpora quadrigemina 
cerebellar peduncle 
--Sup* vermis 

-Restiform body 

Cracile & cuneate nuclei 


—Anf cerebellar tract 

y 

Post'columns 

- ---Post' cerebellar tract 



CiAgram to show possible patbs of afferent impulses from posterior 
roots to oerebral cortex. The fillet path is represented in black, 
the oeiebellai path m red. 
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and, m the case of the pyramidal tracts at any rate, carry 
efferent inpulses, the tegmentum furnishes the various 
alternative paths for afferent impulses on their -way to the 
cerebral hemispheres. 

Two main courses are open for these impulses (ffig. 289). 
They may travel (1) by the dorsal column nuclei and tract 
of the fillet or (2) indirectly through the intermediation of 
the cerebellum. 

1 The fillet path .—The posterior nerve-roots send direct 
contmuatipns into the posterior columns of the cord. The 
fibres in these columns end by arborisations round the 
cells of the gracile and cuneate nuclei. From these cells 
fresh relays arise which cross as the mtemal arcuate fibres 
to the mter-olivary layer on the other side of the medulla in 
the Bupra-pyramidal or sensory decussation. Hence they pass 
up m the tegmental region of the pons and in the tegmentum 
of the crus as a flat band of fibres—the fillet, which divides 
into two portions known as the lateral and median divisions. 
The lateral fillet is formed almost entirely by fibres from the 
cochlear nucleus and ends m the corpora quadrigemma. The 
median division, which receives also accessions from the sen¬ 
sory nuclei of the bulb, ends partly in the grey matter of the 
anterior corpus quadrigeminum, the great majority of the 
fibres however passing to the thalamus itself. From the 
thalamus fibres proceed to the frontal and parietal cortex 
through the extreme anterior end of the internal capsule, 
while others pass through the posterior third of the hind limb 
to be distributed to all parts of the temporal and occipital 
lobes. The latter fibres, which are associated with others 
derived from the anterior corpus quadrigeminum and concerned 
largely with the passage of visual impulses, are often spoken 
of as the optic radiations. 

2. The cerebellar path .—The posterior roots, as they 
enter the cord, send coUaterals to arborise round the cells of 
Clarke’s column and other cells of the grey matter. From 
these cells fibres arise which form the anterior and posterior 
cerebellar tracts. The anterior (antero-lateral ascending) 
tract passes up in the lateral columns through the pons into 
the superior peduncle of the cerebellum, where it loops round 
to end in the superior vermis. The posterior (direct) cere¬ 
bellar tract also passes up into the superior vermis of the 
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cerebellum by the restiform body. By the same path the 
cerebellum also receives fibres from the gracile and cuneate 
nuclei of both sides. 

The continuation forwards of these impulses is by means 
of the superior cerebellar peduncles, which, arising chiefly in 
the dentate and roof nuclei but also to a certain extent in 
the superficial grey matter of the cerebellum, pass forwards 


Pio 290. 
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DiBigiam to iIluBtrate some of the connectionB of the nuolei of 
the neives to the ooulai muscles (aftei Held) 


to the corpora quadrigemina. Converging below these bodies 
they decussate, and finally end in the tegmentum, chiefly in 
connection with the red nucleus. The further continuation 
to the cerebral hemispheres must he m the tracts already 
described connecting them with the tegmentum. 

The posterior longitudmal bundle (Pig. 290) is a distinct 
tract of white fibres lying dorsaUy to the reticular formation. 
In front it runs just below the oculo-motor nucleus, with which 
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it is connected, and can be traced backwards (or downwards) as 
far as the first cervical nerve, where it merges m the ground 
fibres (anterior basis bundle) of the anterior columns. It is 
made up partly of descendiug fibres from the anterior corpus 
quadrigemmum and nuclei of the floor of the third ventricle, 
partly of ascending fibres from the various sensory nuclei of the 
medulla. One of its chief functions is to serve as a means of 
commumcation between the various oculo-motor nuclei (third, 
fourth, and sixth nerves) around the cells of which many of 
its fibres end. 

The Gommusv/ral Fibres of the Central Nervous System 

The chief mass of these is contained in the corpus callo* 
sum which connects the two opposite cerebral hemispheres. 

Other smaller commissures are the anterior white com¬ 
missure connectmg chiefly the olfactory lobes and temporo- 
sphenoidal convolutions, and the posterior commissure between 
the two thalami. 

The great mass of transverse fibres forming the pons, 
which serve to connect the cerebellar hemispheres, are not 
directly contmuous across the middle Ime but, starting from 
the superficial grey matter of one hemisphere, end in the grey 
matter of the opposite side of the pons. 
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Seoiion 2 

SUMMAEY 01* THE CONNECTIONS AND FUNCTIONS 
OF THE CEANIAL NEEYES 

Granial nerves. —The cranial nerves are generally reckoned 
as twelve in number: let, olfactory; 2nd, optic; 8rd, oculo¬ 
motor ; 4th, or trochlear; 6th, or trigemmus; 6th; 7th, or 
facial; 8th, auditory; 9th, glossopharyngeal, 10th, vagus or 
pneumogastric ; 11th, spinal accessory ; 12th, hypoglossal. 

Of these the first two stand on a diJGferent footing from 
the rest which, like the spinal nerves, are outgrowths of 
nerve-fibres from the central tube of grey matter surrounding 
the neural canal or from ganglia corresponding to the spmal 
posterior root-ganglion. The olfactory and optic nerves are . 
not peripheral nerves at all, but are actual outgrowths from 
the brain. The olfactory bulb and the retina are morpho¬ 
logically distinct lobes of the brain. 

The first or olfactory nerve (or, more properly, olfactory 
lobe) has ten or twelve filaments, which pierce the cribriform 
plate, and are distributed to the olfactory mucous membrane. 
It is the central organ of smell. It is supposed that impulses 
do not cross from one side of the body to the cerebral hemi¬ 
sphere of the opposite side, as is the case with all the other 
nerves of the body. 

The second or optic nerve subserves the function of vision, 
and that alone. The two nerves join at the optic chiasma. 
Here there is a partial exchange of fibres, and each of the 
optic tracts, which are the continuations behind the chiasma 
of the optic nerves, contains fibres from both optic nerves. 

Thus the right optic tract contains the fibres from the 
external half of the right retina and the internal half of the 
left retina. Since these are correspondmg parts of the two 
retinas, and are excited by light coming from the left of the 
person, section of one optic tract causes blmdness on the 
opposite Bide (hemianopia). Each optic tract is connected 
behmd with the back part of the optic thalamus (pulvmar), 
the external corpus geniculatum, and the anterior corpus 
quadrigeminum of the same side (Fig. 291). From these 
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points fibres pass through the posterior part of the internal 
capsule and corona radiata (‘optho radiations ’) to the cortex 
of the occipital lobe. 

The fibres forming the optic tracts are the axons of the 
nerve-cells in the ganglion-cell layer of the retina. Section 
of the optic nerve therefore is followed by degeneration of 
these fibres in a central direction. Mixed up with these fibres 


E^o. 291. 



Diagi*am to show conneotioiis of optio tracts (after Bheinngtonl. 
L, left, and B, right retina OD. Optio deousaation (^cblasma). 
OpT. Optic tract. NO. Nucleus oandatus. LN Lenticular 
nucleus Th. Optic thalamus G External geniculate body. 
AQ Anterior corpus quadrigemmum P. Pulvinar OpE. 
Optic ladiations running to 0 0 , the occipital cortex Ill.n. 
Nucleus of 8rd nerve m floor of Sylvian aqueduct IV Fourth 
ventricle 


however are others which run in a centrifugal direction, start¬ 
ing from cells in the optic thalamus or adjacent ixtasses of 
grey matter and terminating m the inner nuclear layer of the 
retma (Fig. 292). 

The third or ooulo^motor nerve arises from a column of 
nerve-cells situated at the extreme hind part of the floor of the 
third ventricle, and from the front part of the floor of the 
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aqueduct of Sylvius, below the anterior corpus quadrigeminum. 
It emerges from the inner side of the crus cerebri. It is the 
motor nerve for the levator palpebrarum, superior, inferior, 
and internal recti, and inferior oblique muscles. It also 
supplies the constrictor iridis and the ciliary muscle. Stimu¬ 
lation of it therefore causes the eye to look upwards and 
inwards, with contraction of the pupil and spasm of accommo¬ 
dation, By careful stimulation of various parts of its nucleus 
the different movements of these muscles may be produced 
separately. 

The nucleus of the fourth nerm is situated just behind 
that for the third in the floor of the Sylvian aqueduct. The 

Fig. 292 



Soliema of the oouiee of the visual impulse horn locls and cones to 
bram (Beohterew after Eajndn y Oa]al) A, retina, B, optic noive; 
0, external gemoulate body, a, cone , b, rods , c, bi-polar cells , 
6, ganghon cells; /, centrifugal fibre, g, spongioblast; hy terminal 
ramifloations of retmal neive-fibres; y, cells transmitting impulse 
to cortex; T, cell giving of( centrifugal fibres 


fibres run from here round the aqueduct, and take their super¬ 
ficial origm from the valve of Yieussens, a thin plate of grey 
matter forming the roof of the fourth ventricle just in front 
of the cerebellum. 

This nerve supplies only the superior oblique muscle of 
the eyeball. 

The^/^^ or trigeminus resembles a spinal nerve in that it 
has a motor as well as a sensory root, the latter being provided 
with a ganghon (Gasserian ganglion). It has a very extensive 
origm, owing to the fact that its sensory part represents the 
sensory roots of all the motor cranial nerves fiom the third 
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to the hypoglossal The middle or motor root arises from a 
collection of nerve-cells in the floor of the fourth ventricle. 
It also receives fibres from the descendmg motor root, which 
can be traced forwards from the nucleus as far as the level of 
the anterior corpora quadrigemina. 

The sensory root may also be traced into a nucleus lying 
lateral to the motor nucleus, though in this case the fibres of 
the nerve end in the nucleus, having their trophic centre in 
the cells of the Gasserian ganglion. Connected with the 
sensory nucleus is the descending root of the fifth nerve, which 
can be traced downwards through the medulla as far as the 
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Diagram of fourtli ventricle and adjacent parts, as seen fiom dorsal 
aspect, to show positions of nerve nuclei. These are marked on the 
light-hand half. (Aftei Erb ) 


level of the second cervical nerve, where it appears as a little 
cap of white fibres on the mass of gelatinous substance forming 
the head of the posterior horn, and known in the medulla as 
the tubercle of Eolando. 

This nerve is the motor nerve for the muscles of mastica¬ 
tion, and for the tensor tympam and tensor palati It is the 
sensory nerve for the whole of the face (mcluding eyeball, 
mouth, and nose). It also contains dilator fibres to blood¬ 
vessels derived from the chorda tympam, and is said to have 
tropMo functions. The latter conclusion is from the fact that 
section of the fifth nerve m the skull is followed by ulceration 
and sloughing of the cornea, and finally destructive changes 
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involving the whole eyeball. Since however these results may 
be prevented by carefully shielding the eye from all dust and 
deleterious influences, it is probable that the ulceration is 
merely a secondary consequence of the aneesthesia. The 
cornea being ansesthetio, foreign objects that faU on its surface 
are allowed to remain there, and so give rise to injurious 
changes and ulceration. 

The fifth is also said to be the nerve of taste for the 
anterior third of the tongue, but it is possible that the taste- 
fibres which run in the fifth are derived from the glosso¬ 
pharyngeal. 

fio. 294 
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Diagram to show positions of principal nerve nuclei in pons and 
medulla, side view The organ is supposed to be spht down the 
middle line and the nght half viewed from the mesial side. 
The most meaiolly situated nuclei aie shaded, the others stippled. 
(After Erb) 



The sixth nerve, the motor nerve for the external rectus, 
rises from a small group of colls in the floor of the fourth 
ventricle near the middle line. 

The nucleus for the facial or seventh nerve is situated 
more deeply and laterally than the preceding. It supplies 
all the muscles of the face, and is therefore the nerve of 
expression. 

The chorda tympani, which is a branch of this nerve, 
contains secretory and vaso-dilator fibres for the submaxillary 
gland. The fibres of taste which are said to run m this nerve 
are probably derived from the glosso-pharyngeal. 

The e%ghth or OMditory rises on a level with the hind 
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margin of the pons by two roots, one of which, the dorsal 
root, winds round the restiform body, while the other, the 
ventral or median root, sinks mto the substance of the bulb 
to the inner side of the restiform body. The fibres composing 
the dorsal roots come from the cochlea and convey sensations 
of sound. The fibres bifurcate, the ascending branches ending 
in the dorsal nucleus (acoustic tubercle), while the descendmg 
make connection with a mass of cells in the angle between the 
two roots, known as the accessory nucleus. The ventral root 
consists of fibres derived from the vestibule and semicircular 
canals, and carries impulses connected with the reflex main¬ 
tenance of equilibrium. It ends partly in the lateral auditory 

Eig. 296. 
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Section tlirongh medulla jnst behind the pons, to show origin of 
auditoiyneivG Cbm Oeiebellum. V Fourth ventiiole R. Reati- 
form body Py. Pyramid Va. Ascending root of fifth’ nerve. 

VII Nucleus of seventh nerve VIII. Auditory nerve 

nucleus (of Deiters), whence a number of fibres pass up with 
the restiform body mto the cerebellum, and partly in the 
median nucleus. 

The nmth, tenth, and eleventh nerves are connected with 
an elongated nucleus in the lateral part of the lower half of 
the fourth ventricle, the motor fibres of the first two nerves 
arismg from the nucleus ambiguus. 

The mnth is probably a pure sensory nerve, and conveys 
sensations from tongue (taste?) and pharynx. Eunning in 
it are also motor fibres to the stylo-pharyngeus and middle 
constrictor of the pharynx. 

The te7ith or vagus is joined by the accessory part of the 
spinal accessory, so that the two nerves may be considered 
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together. It has both afferent and efferent functions, most of 
which we have already considered. 

Efferent functions . 

Motor to levator palati and three constrictors of 
pharynx. 

Motor to muscles of larynx. 

Inhibitory to heart. 

Motor to muscular walls of oesophagus, stomach, and 
• small intestine. 

Motor to unstriated muscle m walls of bronchi and 
bronchioles. 

Secretory to glands of stomach and possibly to pancreas. 

Afferent fimctions: 

Regulate respiration. Stimulation of central end may 
quicken respiration and promote inspiration, or may 
inhibit mspiration. Stimulation of central end of 
superior laryngeal causes stoppage of inspiration, 
expiration, cough. 

Depressor (from heart to vaso-motor centre). 

Reflex inhibition of heart. 

The external branch of the spinal accessory is the motor 
nerve of the sterno-mastoid and trapezius muscles. 

The hypoglossal {twelfth nerve) arises from a nucleus in 
the floor of the fourth ventricle at its lower end close to the 
middle Ime. 

It is a pure motor nerve, and supphes the intrinsic and 
extrinsic muscles of the tongue. 

Since the integrity of the nuclei of the cranial nerves is a 
necessary condition for the carrying out of various reflex acts 
in which these nerves are mvolved, the grey matter of the 
fourth ventricle and aqueduct is often spoken of as if it were 
cut up into a senes of centres distinct for every act. It must 
be remembered however that, when a dozen or more centres 
are enumerated as being situated m the fourth ventricle, it is 
not meant that we can anatomically distmguish a group of 
cells for each act or group of actions named. When we say 
that a part of the nervous system is a centre for any action, 
we merely mean that this part forms a necessary Imk, 
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meeting of the ways, in the comphcated du'ecting of nerve 
impulses that takes place in every co-ordinated act. 

The chief centres are the respiratory and the vaso-motor. 
These we have already considered. Other centres that may 
be enumerated are— 

Centres for movements of mtrinsic and extrmsic ocular 
muscles. 

Cardiac inhibition. 

Mastication, deglutition. 

Sucking. 

Convulsive (connected with respiratory). 

Vomiting. 

Diabetic (connected with vaso-motor, d p. 492). 

Salivary. 

Cehtres of phonation and articulation. 


41 
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Section 8 

FUNCTIONS OF THE CEEEBEAL AXIS 

We have already studied the phenomena exhibited by an 
animal (frog) possessing spmal cord alone. We can now by 
a study of the same or a higher animal, deprived only of its 
ceiebral hemispheres, come to some conclusion concerning” 
the functions of the lower parts of the brain and, by com¬ 
parison of these phenomena with those exhibited by an iptact 
animal, of the cerebral hemispheres themselves. 

When a frog’s cerebral hemispheres have been excised, a 
casual observer would not at first notice anythmg abnormal 
about the animal He sits up in his usual position, and on 
stimulation may be made to jump away, gmding himself by 
sight, so that he avoids any obstacles m his path Move¬ 
ments of swallowing and breathing are normally carried out. 
The animal, thrown on to his back, immediately turns over 
,again. If put into water, he swims about until he comes to 
a V floating piece of wood or any suppoit, when he crawls out 
of t'ha water and sits still. If he be placed on a board and 
the bo^rd be inchned, he begins to ciawl slowly up it, and by 
gradually increasing its mchnation he may be made to crawl 
up one i^ide and down the other. But a striking difference 
between him and a normal frog is the almost entire absence 
of spontaneous motion—that is to say, motion not reflexly 
provoked^by changes wvmediately taking place in his environ¬ 
ment, All psychical phenomena seem to be absent. He feels 
no hunger and shows no fear, and will suffer a fly to crawl 
over his nose without snapping at it. ‘ In a word, he is an 
extremely complex machine, whose actions, so far as they go, 
tend to self-preservation; but still a machine in this sense, 
that it seems to contain no incalculable element. By applying 
the right sensory stimulus to him, we are almost as certain of 
gettmg a fixed response as an organist is when he pulls out a 
certain stop.’ ^ 

The effects of ablation of the cerebral hemispheres of the 
pigeon are very similar. If left to itself, the bird remains 


* James, ‘ Psychology.’ 
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perfectly still and seems fast asleep ; if stimulated, it may be 
made to fly normally, and is then observed to avoid obstacles, 
gmded by the sense of sight. Like the frog, it shows no 
signs of fear or hunger, and will staiwe to death on a heap 
of corn, although it will begin to eat the corn if its beak 
be plunged mto it. In the higher mammals ablation of the 
cerebral hemispheres produces such severe shock that nothing 
can be said with regard to the working of the lower part of 
the brain. The rabbit however will survive the oj)eration for 
a few hours, and during this time it can be made to run, and 
no symptoms of paralysis are observed. When a sensoiy 
surface or nerve is stimulated, the animal gives forth a 
prolonged and plaintive cry. We thus see that the axial 
parts of the brain, together with the corpora quadrigemina 
and cerebellum, contain all the necessary nervous mechanisms 
for the carrying out of the co-ordinated muscular actions 
involved in standing, running, flying, mastication, deglutition, 
and expression of the emotions. 

Co-OIiniNATION OF MuSOULAR AOTIONS 

The first two of these functions must be considered a httle 
more fully The mamtenance of equilibrium depends on a 
senes of complex reflex acts, which are dependent on incommg 
or afferent impulses, on various centres or mlerlacements of 
nerve-paths in the grey matter, and on efferent impulses to 
the muscles. 

The chief afferent impulses which guide the maintenance 
of eqmlibrium aie those from the skin, eyes, semiciieular 
canals, and muscles themselves. The importance of impulses 
from the skm is shown by those cases in which, from disease 
of the sensory tracts, there is ansesthesia of the soles of the 
feet In these cases the patient is unable to stand with 
his eyes shut, and mdeed may first discover that anything 
is wrong with him from the fact that he is apt to fall down 
whenever he is washing his face. The same effect may 
be experimentally produced by freezing the soles of the feet, 
so as to make them aneBsthetic. If in a bramless frog the 
skin be stripped from the hmd limbs, it no longer sits up 
m a normal posture, and is unable to climb up an inclined 
board. 
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The use of visual impulses m guiding the nervous centres 
in the maintenance of equilibrium is shown by the preceding 
experiment, in which no loss of equihbnum occurred till the 
patient closed his eyes. Sudden destruction of the eye in 
pigeons or rabbits causes these animals to spin round and 
round in a cncle, or may cause them to fall over. The 
giddiness too, that is often produced by looking at rapidly 
moving objects, such as a train or waterfall, shows the con¬ 
nection of this sense with equilibration. 

By far the most important afferent impulses are those 
coming from the semicfrcular canals. A full account of the 
effects of interference with these structures has been already 
given m the chapter on the organs of special sense, where 
too the intimate connections of the semicircular canals with 
the movements of the eyes and head have been described. 

Finally, all the muscular actions required for the main¬ 
tenance of equihbrium are guided and regulated by affeient 
impulses from the muscles themselves. The muscular sense 
however is still more important in the co-ordination of the 
muscular contractions by which locomotion is carried out. 
This is well exemplified in certam cases where, owmg to 
disease of theintra-muscular afferent nerves, or of the sensory 
channels of the cord, there is a loss of muscular sense accom¬ 
panied by loss of muscular tone and tendon reflexes. Such 
cases are said to suffer from ataxy. There is no propor¬ 
tionality between the contractions of the various muscles 
used, so that some muscles act too strongly and others too 
feebly. In this way a vast amount of energy is expended 
with very little practical effect in moving the patient along. 

It IS difficult to say that the function of co-ordmatmg 
movements or maintammg equihbrium is limited to any dis¬ 
tinct part of the cerebro-spmal axis. We have already seen 
that all the machmery necessary for carrying out some of the 
most comphcated movements of locomotion is present in the 
spmal cord ; and it is probable that under normal circum¬ 
stances all that the higher centres do is to set this machmery 
going. We may say that these functions are served by the 
whole cerebro-spmal axis from the third ventricle to the 
lower end of the spinal cord, together with the outgrowths 
formmg the corpora quadrigermna and the cerebellum. 
There is a good deal of evidence connecting the latter organ 
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more closely with the co-ordination of movements than with 
any other function. We may therefore take this opportunity 
of considering the chief points in the stiucture and connec¬ 
tions of this organ, as well as some subsidiary co-ordinating 
mechanisms in close connection with the cerebellum. 

Cerebellum 

Struchire ,—As we have already seen, (^e cerebellum is 
formed by an outgrowth from the dorsal walTof the anterior 
part of the fourth ventricle, and consists superficial 
layer of grey matter enclosing white matteiynt is divided 
into three lobes, ’two lateral lobes, and me middle lobe 
forming the superior and inferior vermis The surface of 
the cerebellum is increased by being thrown into leaf-hke 
folds, fjp that a section of this organ has a tree-like appear¬ 
ance.^^ section through a lamina shows three distinct zjones 
—an^uter molecular presenting a granular appearance with 
a few nuclei, internal to this, a granular layer composed of 
many nuclei of nerve-cells; and most deeply a central core of 
white matter. Between the molecular and granular layers 
are situated the cells of Purkinje, large flask-shaped cells 
each with one apical dendrite, distinguished above all other 
dendrites of the central nervous system by the richness of 
its branchmg, and with one axon, which leaves the base of 
the cell and passes down into the central white matter, giving 
off collaterals in its course.) 

In preparations mader^y Golgi’s method we are able to 
distinguish the various elements composing these layers 
and their relations. ^The molecular layer, besides neurogha 
cells and the brancning dendrites of the cells of Pm*kinje, 
contams certain star-shaped cellT(a, Fig. 296), which give off 
an axQiir running parallel with me surface in the molecular 
layei jlProm this axon branches dip down towards the cells 
of Puflnh,ie, where they end in a rich basket-work of fibim 
around the body and beginning of the axon of these celljJ 
The nuclear layer presents two kinds of cells. The most 
numerous is a small cell with a few s hort de ndrites, each of 
which terminates in a ciaw^strtijjou. aTuuHsaticrn, and a single 
long axon, which passes straight up mto the mo lecular layer^ 
wliere ilInfui cates, foiming two branches which run parallel 



urtu 


PHYSIOLOGY 


With the surface in a direction at right angles to the plane of 
expansion of the dendrites of Purkinje’s cells, apparently 
resting against the senations on the edges of these processes. 
The second kind of cell in the granular layer is the so- 
called Golgi’s cell—a large cell with many dendrites and 
an axon which terminates by frequent branches in the neigh¬ 
bouring gi’ey matter. 
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Schema of constituent elements of cerebellum (modified liom Bohm 
and Davidoff) On the left is a section of the cortex as it appeals 
when stained by ordinary methods The middle portion represents 
chagrammaticaUy a section at right angles to the lamines, while to 
the light of the dotted hue the section is taken m the same plane as 
the lammiB a, star-shaped cells of moleoulai layer, b, b, cells of 
Pnrkmje, o, * Golgi cell ’, d, small cells of nuclear layei, e, ‘ tendril 
fibie ’, f, * moss fibre ’; g, axon of cell of Purkmje 


The fibres making up the white matter are of three 
• kinds—two afferent and one efferent. The moss fibres^ so 
called from the curious thickenings they present m the 
nuclear layer, pass up mto the grey matter and terminate 
by frequent branches m this layer. The tendril fibres^ 
also afferent, end in a rich arborisation which surrounds the 
distal part of the cell and the bases of the dendrites of the 
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cells of Purkmje. The efferent fibres are represented by 
the axons of the cells of Purkinje, which acquire a medullary 
sheath and run down into the white matter. 

This shght sketch of the anatomy gives us a conception 
of the extreme comj)lexity of choice presented to nervous 
impulses traversing the cerebellar cortex. Thus a discharge 
along an axon of the cell of Purkinje may be excited (1) by 
an impulse ascending the tendril fibres, or (2) by one 
ascending the moss fibres through the granule cells, and 
then passing by their bifurcating axon to the dendrites of 
the cells of Purkmje, or (3) by the star-shaped cells of the 
molecular layer and their basket-work round the body of 
Purkinje’s cells. 

Gomiechon<i of the Gerehellum. —Although these have been 
I^J^^already touched upon in dealing with the bram as a whole, 
they may be summarised here in order to guide us in the 
discussion of the cerebellar functions. 

By the inferior pedvncle^ afferent fibres pass to superior 
vermis — 

1. From Clarke’s column of the same side by the posterior 
cerebellar tract. 

2. From both sets of dorsal nuclei, and therefore in- 
diiectly from the posterior columns and posterior spinal 
roots of both sides. 

3. By the mternal restiform body (O.V.T., Pigs. 297 and 
298) from the vestibular division of the eighth nerve, pari of 
the fibres passmg through Deiters’ nucleus. 

By the middle peduncles fibres pass to the other side of 
the pons, where they enter into relation with the frontal 
cortical and temporo-occipital fibres, which pass from the 
cerebral cortex of the opposite side by the lateral portions 
of the crusta to end in this region. 

By the superior peduncles the dentate nucleus of the cere¬ 
bellum, and to a certain extent the cortex, are connected 
with the red nucleus and thalamus of the opposite side. 
Moreover the fibres of the antero-lateral ascending tract 
enter the cerebellum by this peduncle and terminate in the 
superior vermis 

It will be observed that, judging from the direction of 
degeneration, most of these tracts, so far as the cerebellum 
is concerned, are chiefly afferent. No direct connection of 
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the cerebellum with the nuclei of motor nervefl has been 
described, but there is a very important mdmect connection 
by means of the so-called auditory nucleus or nucleus of 
Deiters. The connections of this nucleus are shown in 
Fig. 298. Eeceiving fibres from the roof-nuclei of the cere¬ 
bellum, as well as directly from the semicircular canals by 
the vestibular nerve, it gives off a number of efferent fibres. 
These may be divided into two classes. One set, the vesti- 
bulo-spinal fibres, pass down the cord as the antero-lateral 
descending tract, the fibres of which terminate in the anterior 
copiu on the same side of the cord. The second set of 
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Scliematio lepiesentation of some of the connectlonq of the 
cerebellum (Bruce) 0 R, inferior peduncle oi restifoim body, 
S 0 P., superior peduncle , CD, corpus dentatuin, R.N , loof 
nuclei, S F, sagittal fibies fiom coitex to roof nuclei, C V T , 
cerebello-vestibulai tract, DN, Deiteis’ nucleus, VIII, vesti- 
bulai nerve 


fibres, passing inwards, terminate partly in the nucleus of the 
sixth nerve and partly turn upwards and downwards in the 
posterior longitudmal bundle, making connections with the 
nuclei of the fom'th and third nerves, while the descending 
fibres run down in the anterior column and apparently end 
in the anterior cornu. 

Functions of the Gerehellum ,—We thus see that the cere¬ 
bellum is connected directly with the sensory mechanisms 
chiefly of the same side of the body, witli the cortex of the 
opposite cerebral hemisphere, and indirectly with the motor 
mechanisms of the same side of the body, as well as of the 
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eye muscles. It is moreover specially connected with the 
semicircular canals. By its complexity and connections it 
is therefore emmently fitted to take its part in controlling 
and guiding all bodily movements, especially those of the same 
side of the body. It is therefore surprising to find how 


Fig 298. 
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very slight relatively are the disturbances produced by 
its complete ablation. In fact we learn more from experi¬ 
ments in which only one half of the cerebellum has been 
removed, as we are then able to compare the affected with 
the relatively sound side. After such an operation there is 
at first marked loss of co-ordinating power. The animal tends 
to fall towards the side of the lesion, and we may get 
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forced movements of the body or of the eyes to the opposite 
side. After some time these acute disturbances pass away, 
and the only pomt to be noticed is a loss of power and of 
tone in the muscles of the side of the body from which 
the cerebellum has been removed. Complete or extensive 
destruction of the cerebellum in man has a more evident 
effect, owing to the greater co-ordinatmg capacity necessary 
for maiutammg the erect posture whilst standing and walk¬ 
ing. In such cases we observe an inco-ordination of move¬ 
ment exactly resembling that of a drunken man, and this 
may at times be associated with noddmg movements of the 
head or forced lateral movements {nystagmus) of the eye¬ 
balls. 

It has been suggested that the chief action of the cere¬ 
bellum is to exert a moderating restrammg influence on the 
cortex cerebri. But the facts mentioned above seem to show 
that its action is rather to keep the motor mechanisms both 
of the cortex and the spmal cord in a state of wakefulness, 
ready to contract in co-ordinated sequence to peripheral 
stimuli. 

More important is the connection of the cerebellum with 
the organs of static sense (the semicircular canals and the 
otolith organs in the saccule and utricle). We have seen 
that the spinal cord contains all the apparatus required for 
the carrying out of co-ordmated movements, with their com¬ 
plicated play of afferent and efferent impulses. Any such 
movement requiies— » 

(1) The appropriate peripheral stimulus, usually applied 
to the skin, and, accordmg to its character, exciting different, 
sets of nerve fibres 

(2) The centre or series of centres in the spinal cord. 
The afferent impulse on arrival at the cord causes discharge 
of motor impulses to certain muscles, and a central inhibition 
of the tone of the antagonistic muscles. 

(3) The adaptation of the extent of the contraction to the 
origmal stimulus involves a secondary reflex, from muscle 
through cord ; the affeient nerves of the muscle conveying to 
the centres accurate mformation as to the strength of con¬ 
traction of the muscle. 

A movement therefore is started by a skin impression 
involves reciprocal innervation (motor and inhibitory) of 



THE BKAIN 


661 


antagonistic muscles, and these responses are in their turn 
guided and controlled by afferent impulses excited by the 
movements and arismg chiefly in the muscles themselves. If 
this apparatus is all in working older, why cannot an animal 
stand or walk (except with great attention and training) after 
the destruction of the cerebellum? The answer is to be 
found m the fact that every animal (quadruped or biped) is, 
when erect, m a state of unstable equilibrium, the slightest 
movement tending to displace the centre of gravity, so that the 
animal would fall if the displacement were not at once reme¬ 
died by muscular contractions. It is the special oflflce of the 
cerebellum to co-ordmate the movements (already co-ordinated 
with one another by the spinal cord) with the position of the 
body in relation to its centre of gravity. On this account 
it receives impulses from the semicircular canals, from the 
eyes, from skm, joints, and muscles, and sits, so to speak, on 
the motor path from cortex to spinal cord, maintaining 
continually a tonic hold on the muscles, which may be 
strengthened or relaxed according to the position of the 
animal. 

The diagonal movements of the limbs in walking causes 
an alternate shifting of the centre of gravity to one side or 
the other. Each lateral movement would and does cause the 
animal to fall, if the position be not immediately remedied by 
the influence of the cerebellum. 

After extirpation of the cerebellum in a dog, the animal 
falls to one side or the other as soon as it tries to walk. 
Later it leains to walk by an entirely new mode of progres¬ 
sion, VIZ. a series of jumps, in which the hind limbs or fore 
limbs move together, bemg sprawled widely apart, so as to 
widen as much as possible the basis of support and avoid the 
alternate lateral displacements of the centre of gravity inci¬ 
dent on the normal method of locomotion. 

Emotional Expbession 

By appropriate stimuli it is possible to elicit in animals 
deprived of then' cerebral hemispheres the outward bodily 
manifestations which we usually regard as the expressions 
of certain emotions Now an emotion is a psychical state, 
or state of consciousness, but it is dependent for its pro- 
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ducfcion on the existence of certain bodily cbanges—affections 
of the heart, vascular system, voluntary muscles—■which are 
involuntary and reflexly produced. The mechanism for this 
reflex production is present in the lower cerebral centres, so 
that severe stimulation of a sensory nerve m a hemisphere¬ 
less rabbit causes it to utter a long, plamtive scream. The 
brauiless frog responds ■vrith a croak, almost indicative of 
pleasure, each time its back is gently stroked. In neither 
of these, nor in any similar cases, are we justified in speaking 
as if an emotional state of consciousness were present, We 
have no reason to think that the rabbit suffers pain, or that 
the frog is pleased, m the two above-mentioned experiments, 
but merely that certain changes m the bodily condition are 
reflexly produced, which, if the cerebral hemispheres were 
present, would be represented in consciousness as an emotion 
of pain or pleasure. 

When a patient is slightly under the influence of chloro¬ 
form, it frequently happens that all the emotional expressions 
are preserved, although consciousness is totally abolished; 
he may cry out or struggle when cut with the knife, and 
yet when he recovers from the antesthetic he will state that 
he felt nothing whatever of the operation. 



TBE BRAIN 


663 


Section 4 

OEEBBEAL HEMISPHERES 
StritGtitre of the Gerehral Cortex 

We have consideied the connections of the hemispheres 
so fully m the previous sections that it remains now only to 
describe shortly the chief points in their structure. 

^ The cortex, as m the cerebellum, consists of a superficial 
layer of grey matter covering a central mass of white fibres, 
and, as in the cerebellum, increased area of surface with 
growing mtelligenoe is afforded by the folding of the surface 
into convolutions and fissures The chief convolutions are 
indicated m Fi^. 801, 302. ^ 

On section [the grey matter is seen to consist of many 
layers of nerve-^ls embedded in a mass of tissue composed of 
neuioglia and many fine nerve-fibres, both meduUated-^nd 
non-medullated. The nerve-cells vary in size and shape^ut 
[one kind of cell is typical of this part of the nervous s^em. 
SPhis is the pyramidal cell (Pig. 299, g), and consists of 
a cone-shaped cell-body with one large apical dendrite which 
runs towards the surface and breaks up in the superficial 
molecular layer mto a number of branches. Dendrites also 
pass off from the sides and lower angles of the cell. The 
axon arismg from the middle of the base of the cell passes 
downwards mto the white matter, givmg off collaterals in its 
course. Some of these, especially those from the large cells 
of the/ motor ’ area of the cortex, pass into the pyramidal 
tracty 

Although not so distinctly stratified as the ce rebell ar 
cortex, the cerebral grey matter can be divid ed into- Jour 
(orTn some situations five) layers. Most superficial is the 
molecular layer, composed of tne den drites o f Jihe^^^ midal 
c ells, an d c^tam spmdle-shapecT ^plurvjpolar * cells, i.e, cells 
with several apparently nervous processes running parallel 
to the surface. These are sometimes spoken of as ‘ associa¬ 
tion cells.’ r 

Next to this comes a layer of smalypyramidal cells, which 
IS succeeded by a layer of small cells l^wn as the go amdar 



Diagianmitbtio section of oerelnul cortex (fiom Baikei, aftei Stan, 
Strong, and Learning) 1, moleoulai layer with a, bipolar cell, 
II, layei of small pyiamulal cells, III, layer of laige pymmidal 
cells , IV, polyinoi-phous layei, V, white matter. 
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layer. Below this, in the motor cortex, is a layer of large 
pyramidal or Betz cells, while deepest of all is the ^poly- 
moiphous ’ layer, composed of many tyj^es of cells, ordinary 
pyramidal cells, pyramidal cells with the base and axon 
turned towards the surface (cells of Martmotti), and ' Golgi 
cells' with a freely branching axon which terminates in the 
adjacent grey matter. Among the nerve-fibres passing 
between grey and white matter, foui* types (Fig. 800) can be 
distmguished: 

a. Projection fibres, passing fiom the pyramidal cells to 
lower levels of the central nervous system. These include 
the various fibres, iiyramidal and otherwise, that make up 
the internal capsule and the crusta. 


Eiu. BOO. 



Scbematio seotion thiongli cciobnil heimaphe] es, to show chief 
classes of neiwo tiacfcs (aflci Ihmi6n y Cajul) A, coipns cal¬ 
losum , B, antenoi commiBsure, 0, pyiamidal tiact; cell 
givmg off piojection fibre , b, cell givmg off coinmissuial libie, 
cell with axon forming association hbies 


h. Commissural fibres passing across the corpus callosum 
and anterior commissuie to the opposite hemisphere. 

c. Association fibres passing from one part of the cortex 
to another on the same side of the brain. 

d. Afferent or sensory fibres, startmg in most cases from 
the region of the thalamus and passing up to termmate by 
branching in the supeificial layer of the cortex. 

In a section through the coitex, stained by some method such as Weigeit’^, 
to display medullated neive-fibres, in addition to the bundles of ladial fibies 
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luiming lioin the 'white matter perpendicularly to the suifaoe, bands of 
tangential fibres are seen runmng paaallel to the surface m oeitam situations, 
yiz. 

(a) A layer just under the surface of the cortex. 

(b) A layer between the molecular and small pyramidal layer, the outer line 
of Baillarger. 

(c) A layei between the gianular and large pyramidal cell layers, the inner 
line of Baillaiger. 

(fZ) In addition to these a special layer of tangential fibres is present in the 
occipital lobe, running through the middle of the granular layei, and dividmg 
it into two This IS known as the line of Gennaii 

Differences are observed in the struotuie of vaiious parts of the coitex 
corresponding to their functions Thus we may say loughly that the small 
pyramidal layer is chiefly assooiational m function, the large pyramidal cells 
are motoi, the gianulai layei is sensory, while the polymorphous layer 
presides over the lowest cortical functions, such as the getting of food, the 
sexual instmcts, etc. 

Thus, m a low animal, such as the rabbit, the polymorphous layer has thiee 
times the thickness of the pyramidal layei, whereas in man, with his infinitely 
greater ideational powers, it is only one-third the thickness of this layer 

In man, m an assooiational area such as the piefiontal convolutions, the 
pyramidal layer is almost as thick as all the lest put together. In the visual 
area (occipital lobes) the granulai layei is the thickest, and is divided into two 
layers by the band of tangential fibres forming the Ime of Gennaii In the 
motor area (chiefly the descending frontal convolution), we hud below the 
granular layer, the well-marked large pyrajmdal cells, or Betz cells, though hero 
also the pyramidal cell layei is very thick In this area the actual aveiago 
thicknesses of the difleient layeis are as follows — 


Moleculai 
Small pyramidal 
Granular 
Betz layei 
Polymorphous 


0 34 mm. 
0 90 mm 
0 22 mm 
0 22 mm 
0 31 mm 


Functions of the Cortex 

We may come to some conclusions as to the geneial 
functions of the cerebral hemispheres i£ we compare the 
behaviom' of a normal animal with one that has been deprived 
of its cerebral hemispheres. In the former case it is quite 
impossible to foretell what particular reaction may be evoked 
by any stunulus. It may produce the same effect as when 
applied to a bramless animal, but m most cases the reaction 
is modified m various ways. The animal is no longer a mere 
machine that can be played on at will, hut is an mdividual 
whose actions are ruled by a guidmg intelligence, who is 
actuated by motives and by feelings of fear, hmiger, pain, and 
the like. In short, an animal, whose cerebral hemispheres 
are mtact, presents phenomena analogous to those which in 
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ourselves are associated with changes in the state of con¬ 
sciousness, and which we call volition or feeling. 

It was formerly thought that in all their functions the 
cerebral hemispheres acted as an entity, and that any 
voluntary movement or any change in the state of con¬ 
sciousness might be considered as carried out by all parts 
of the hemispheres actmg together. It has long been known 
however that each cerebral hemisphere innervates the 
opposite side of the body. Thus if the cortex of one hemi¬ 
sphere be destroyed or be functionally separated from the 
lower parts of the brain by destruction of the internal 
capsule, paralysis (hemiplegia) and loss of sensation on the 


Eis. 801. 



Motor oentrea on outer Burfa.oe of monkey’s biam, 
(After Campbell and Sherrington) 


opposite Bide of the body are produced. The paralysis is 
limited to voluntary, and may not affect reflex or emotional 
movements. It is interesting to note that those movements, 
which are usually carried out by the muscles on both sides 
of the body at the same time, are not so affected, probably 
in consequence of the close interdependence of the bulbar and 
spinal centres for these movements, and partly because these 
movements are equally represented in both hemispheres. 

Moreover, durmg the last twenty years, conclusive evi¬ 
dence has been brought forward of the localisation of func¬ 
tion m the cerebral cortex of each side of the brain. This 
evidence is physiological and pathological, but in both cases 
it falls under the head of excitation, or of destruction and 
consequent paralysis. On exciting certain parts of the 
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cortex, situated in the neighbourhood of the fissure of 
Rolando, definite co-ordinated movements of certain muscles 
or groups of muscles are produced, varymg in their distri¬ 
bution according to the exact spot stimulated. Thus stimula¬ 
tion with the faradic or galvanic current of the convolutions 
at the upper part of the fissure of Rolando causes co¬ 
ordinated movements of the lower limb, of the middle part, 
movements of the upper limb; and of the lower part 
(includmg the thud frontal convolution), movements of the 
head and face. In the higher apes and in man the motor 
centres aU lie in front of the fissure of Rolando. 

These experunents are corroborated by others in which 
definite parts of the Rolandic area of the cortex are destroyed. 

Fia 302 


Motor oentreB on mesial surface of monkey’s bram 
(Aitei OampbeU and Sbemngton) 

Destruction of any given zone of the motor area produces 
paralysis of voluntary movement in the part represented by 
this portion of the cortex. Thus if, on stimulation of a spot 
near the centre of the fissure of Rolando, we obtain a definite 
movement of the arm of the opposite side, and we then excise 
the cortex at this spot, we find that after the operation the 
animal has lost voluntary power over this movement and over 
none other. 

It was formerly thought that the grey matter was not 
directly excitable, and that the effects of electric stimuli were 
due to excitation of the underlying fibres of the corona radiata. 
The direct excitability of the grey matter is however proved 
by the following considerations. 

1, There is greater ' lost-time * in the grey matter than in 




THE BEilN 


659 


the underlying white matter; that is, if we first stimulate the 
grey matter, and then shave this off and stimulate the white 
matter below, it is found that the latent period, which elapses 
between the time when the stimulus is sent in and the tune at 
which the contraction takes place, is far greater in the former 
than in the latter case. 

2. It is very common, as the result of excessive stimulation 
of the cortex, to get, not a single contraction df the group of 
muscles represented in the area stimulated, but an epUeptie 
convulsion, which starts in this group of muscles and spreads 
thence to aU the other muscles of the body. The convulsion 
consists of two stages: 

(а) The tonic stage, in which all the muscles of the body 
may be in a state of continued contraction. 

(б) The clonic stage, which lasts a good deal longer than 
the first stage, and consists of rapid rhythmical jerking move¬ 
ments of the muscles. This is followed by— 

(c) A stage of exhaustion, in which the cortex is relatively 
mexcitable. 

If the grey matter on both sides be removed, stimulation 
of the white fibres of the corona radiata does not produce a 
typical epileptic fit. 

Pathological evidence bears out the results on localisation 
deduced from the physiological experiments just mentioned. 
Thus we have cases in which a tumour pressing on a part of 
the motor area causes twitching movements of the limb, or 
more or less complete epileptic convulsions, starting in the 
particular limb represented in the affected area of the cortex. 
On the other hand, cases frequently occur in which parts of 
the cortex are destroyed by pressure of a growing tumour, 
or by stoppage of the vessels supplying that area, giving nse 
to paralysis of definite muscles or groups of muscles. 

After a movement has been abolished by extirpation of a 
definite area of the cortex, a considerable amount of recovery 
of movement may take place. The degree to which this may 
occur varies m different classes of animals, being more com¬ 
plete in the lower animals, such as the dog and rabbit, than 
in the monkey and man. It probably depends on the taking 
up of the functions of the extirpated area, partly by the ad¬ 
joining regions of the cortex, and partly by the corresponding 
centre of the opposite hemisphere, all the centres of the two 
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Bides of the hrain being functionally connected by means of 
the corpus oallosum. 

A point of considerable importance is the fact that move¬ 
ments rather than muscles are cortieally represented. Thus 
stimulation of the right frontal lobes causes a movement 
(conjugate deviation) of both eyes to the left. In this move¬ 
ment the external rectus of the left side and the internal 
rectus of the right side are both set in action by stimulation 
of the right cortex. Similarly, we may produce movement 
ef the head to the left by stimulation of the proper spot of 
the right cortex. In this movement the right stemo-mastoid 
and the left external oblique muscles are involved. 

When we speak of motor centres it must not be supposed 
that motor impulses start de novo in the pyramidal cells of 
these centres. Here, as in aU other parts of the central 
nervous system, the activity of the cells is excited exclusively 
by impulses arriving at them from other parte, and ultimately 
from the periphery of the body. 

The a.hBolute dependence ol the activity of the pyramidal oells on afferent 
Btunuli IS well shown by an experiment earned out by Mott and Sherrington 
These observers divided all the posteiior roots of the biaohial plexus in the 
monkey, and found that the effect was to cause moior paralysis of all the finer 
movements of the arm and hand On exposmg the conesponding area of the 
cortex and exoitmg it eleotiically, all the missmg movements oould be mduoed, 
showing that the cortical cells needed only the arrival of a stimulus to make 
them discharge No experiment could show better the ultimate reflex character 
of those movements which aie generally distmgmshed as voluntary or purposive 


These impulses, smee they are afferent so far as the 
pyramidal cell is concerned, may be spoken of as sensory, 
and the collection of exalted reflex centres which make up 
the Eolandic area may therefore be justly termed sensori- 
motot. In fact, many observers believe that it is m the motor 
area that the sensation of touch and pressure on the correspond¬ 
ing limbs is perceived, and that the motor effect of exciting 
this part of the cortex is normally produced as a reaction to 
such touch or pressure sensations. Hence in extensive lesions 
of the motor area sensation as well as movement may be 
affected, and a certain amount of anaesthesia may accompany 
the paralysis. 

Sensory areas .—^If in the monkey the right occipital lobe 
be stimulated, there is movement of both eyes to the left. 
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Tins experiment by itself is capable of two interpretations: 
either the occipital lobe is to be regarded as a motor centre 
to the ocular muscles, or it is a sensory centre of sight, and 
the animal looks towards the left because visual sensations 
are aroused and referred to the left side of the field of vision. 
The latter explanation is shown to be true by the effects of 
extirpation. If the occipital cortex be destroyed, the animal 
is rendered blind on the side opposite the lesion. It is said 
to suffer from hemianopia (half-blindness). Excision of both 
the occipital lobes causes total blindness. Since the rays of 
the left half of the field of vision fall on the right-hand side 
of the two retinsB, and left hemianopia is produced by de¬ 
struction of the right occipital lobe, the temporal half of the 


Fig. 308 


Diagiam siiowmg functional connection of occipital lobes with the two 
ietm £0 c. Optic chiasma o. Occipital lobes. 

right retina and the nasal half of the left retina must be 
innervated from the right occipital cortex (Fig. 303). The 
connection, however, of the occipital lobe with the retina of 
the other side is more complete than with the retina of the 
same side, so that after destruction of the right lobe loss of 
vision is more extensive in the left than in the right eye. 

Our evidence as to the localisation of the other senses in 
the cortex is less complete. The sense of hearing is located 
by Ferrier in the superior temporo-sphenoidal lobe. Stimu¬ 
lation of this part causes prickmg of the ears ; destruction of 
it produces different effects according to the experimenter; 
it may give rise to deafness on the opposite side (Ferrier), 
or to no appreciable results (Schafer). 

Cluneal as well as anatomical observations however concur 
in locating auditory sensations m this convolution. The fact 
that after experimental extirpation the animal reacts to sounds 
does not prove the absence of impairment of auditory sensa- 
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tiom, since the lower centres contain all the mechanism for 
a ftimplft motor reaction to an incident sound-wave. 

Bmpill and taste have been localised m the caput cornu 
A mm on is and the uncinate gyrus. 


Pio. 804. 




Human Brain Bhowing outei (A) and mesial (B) Burfaces, and the 
situation of the chief motor and BenBoiy areas. The different 
shadmg represents the extent of each of these areas as determined 
by a study of the histological struotuie of the cortex. (Campbell) 


pRLf t^QHTAL 
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Many observers believe that general tactile sensibility as 
well as mnscular sensibility is cortically represented in the same 
region as are muscular movements, i.e. in the Eolandic area. 

From a study of the histological characters of the cerebral 
cortex, Campbell has concluded that the chief seat of tactile 
sensibihty is to be found in the ascending parietal convolution, 
behind the fissure of Eolando. 

In an animal such as the dog, we are able in this way to 
parcel out the greater part of the cerebral cortex into definite 
motor and sensory areas. It is possible to differentiate two 
grades of representation of sensation in the so-called sensory 
areas. The most primitive grade is concerned in the reception 
of afferent impressions from defimte sense-organs and m the 
production of the appropriate cortical motor response. Sur- 
roimdmg or in immediate proximity to this area is generally 
found a wider area, which may give no effect on electrical 
stimulation, and is concerned in the ‘working up’ of the 
primitive sense-impressions into the more complex condi¬ 
tions, which we term ideas. The extent of these psychical 
areas mcreases relatively to that of the sensory areas as we 
ascend the animal scale. Thus in man the visuo-sensory area 
occupies but a small portion of the cortex and is concerned 
in the reception of simple visual sensations. Destruction of 
this area on one side causes half-blmdness, or hemianopia. 
The greater part of the occipital lobe is taken up in the visuo- 
psychic area, the whole of which is engaged m the combina¬ 
tion of sensations from the eyes, so as to form the visual 
ideas of things. Destruction of portions of this area will 
not necessarily affect sight, but may affect more or less the 
power of judging, through the medium of the eyes, of the 
nature of thmgs seen. The relative extent of the different 
sensory and psycho-sensory areas of the human bram is repre¬ 
sented m Fig. 304. 

Aphas'ia .—If the cortex on the left side is destroyed, 
power of speech is totally lost. The same effect is produced 
if the lesion be limited to a small area in the third left 
frontal convolution (Broca’s convolution). Our normal right- 
handedness is necessarily associated with and caused by the 
activities of the left hemisphere predommatmg over and 
gmdmg those of the right. In the movements that stand 
highest m the evolution of the cerebral functions, those of 
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speech, the predominance of the left side is so marked that 
destruction of the association centre for lips and tongue on 
this side causes complete loss of the dehcately co-ordmated 
movements by which speech is produced. 

Besides this motor aphasia, which is brought about by 
a lo pion of Broca’s convolution, speech may be destroyed by 


Fig. 306. 



Diagram of cortical areas engaged m speech and wiitmg (Boss) 
a Broca’s convolution (motor lip and tongue area), b. Arm 
oiea 0 Auditory word-centre, d Visual word-centre 

injury of the sensory psychical centres (sensory aphasia). 
Thus in some cases in which the left superior temporo- 
sphenoidal lobe was involved, there has been a condition of 
word-deafness. The patient could not understand anything 
that was said to him. He might be able to talk volubly, but 
the words were mere gibberish , his auditory word-centre bemg 
absent, he was unable to appreciate the meaning of what he 
was saying, and so the motor processes went on unchecked 
by the criticism of sensory impressions. The talking of a 
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man with word-deafness may be compared to the walking of 
a man with complete loss of muscular sense. 

In the same way a lesion in the left occipital lobe may 
cause loss of power to read (alexia) from blotting out of all 
the higher visual memories, and more especially those con¬ 
nected with written and printed words. 

Any of these lesions may be attended with inability to 
write, which m most people is intimately dependent on the 
auditory and motor speech memories. Most people in writing 
may be seen to move their lips slightly as they articulate 
the words to themselves, thus showing that in writing the 
arm-centre is acting m subordination to the mouth-speech 
centre m the third left frontal convolution. 

Fig. 306 represents simply the relationships of the various 
centres on the left side to one another in speakmg and 
writing. 

The most strikmg change, as we ascend the scale of in- 
telhgence in animals, in the structure of the brain is the 
great development that occurs of bram-tissue, giving no 
response on stimulation and presenting no immediate connec¬ 
tion either with motion or sensation. Such tissue is found in 
the pre-frontal and the parietal lobes, and in man forms the 
greater part of the cerebral cortex. The fibres of these lobes 
are found to acquire their myelm sheath a considerable time 
after birth, and contmuous development may go on as late as 
the twentieth year. We are probably justified in ascribing 
to these association-centres the chief part in the functions 
of ideation and judgment. The ideas, which make up the 
greater part of our mental life and which determme our 
actions, cannot be regarded as essentially motor or sensory, 
though m them motor and sensory processes of the present 
are mextricably intermmgled with the results of past sensory 
and motor impressions ; and there is a constant war of mutual 
excitations and mhibitions, the resultant of which is the 
behaviour of the individual. 
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Section 6 

THE VASOULAE AND LYMPHATIC AEEANGEMENTS 
01 THE OBNTEAL NEEVOUS SYSTEM 

The brain and spmal cord are enclosed m three mem¬ 
branes, the dura mater, the arachnoid membrane, and the 
pia mater. 

The dtwa mater is a tough fibrous membrane, closely 
adherent in the skull to the cramal bones, of which it forms 
the periosteum, but in the spmal canal only loosely connected 
with the vertebrae. 

The pia mater is a finely flbriUated connective tissue, 
closely adherent to the surface of both bram and spinal 
cord, and sending prolongations into all the fissm-es of these 
organs. It serves to convey the nutrient vessels to the 
nervous tissue. 

The space between dura mater and pia mater is divided 
into two by a delicate membrane, the arachnoid. Both 
arachnoid and dura mater send processes along the issuing 
nerve-roots. The subdural and subarachnoid spaces are 
both lined with endothelial cells. Although anatomically 
separate, fluid can find its way with extreme ease from one 
space to the other, so that physiologically they may be re¬ 
garded as if in communication. The subarachnoid space is 
put into connection wi^ the ventricles of'"the bram and_ 
central canal of t^ cord by means of a small opening m the 
ependyma forming the roof of the fourth ventricle, which is 
known as the foramen of Magendie. 

On incising the dura mater through the atlanto-occipital 
membrane, or in the spinal canal, a clear fluid wells up at 
the bottom of the wound, and a continuous flow of this fluid 
may with certain precautions be obtained by insertmg a 
cannula into the subdural space in either of these situations. 
This liquid is the cere brospinal fl uid. It consists of little 
more than a solution of the sa^ of the blood-plasma, and 
contains only the merest trace of proteid. This fluid appears 
to be formed in the'^ntricles of the brain by a process 
of secretion or transudation, modified by the cells of the 
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ependyma covering the vascular fringes, which project into 
the ventricles from the velum interpositum and are known as 
the Ghoroidjplexuses. A slow formation of fluid is probably 
always going on. Any excess of flmd that is formed may 
either escape from the sheath of the dura mater along the 
issumg nerve-roots or, when the pressure of the fluid is 
higher than that m the venous sinuses, it may leave the 
cranial cavity by a direct filtration through the walls of 
these sinuses. 

The lymphatic arrangements of the brain are stiU imper- 
fectiy^un^rstood. In the cortex cerebri the lymphatics are 
perivascular, form complete tubes round the blood capil¬ 
laries. These perivascular lymphatics are said to be in com- 
mumcation with the subarachnoid cavity. If this is the 
case, the lymph must mix with the cerebro-spinal fluid ; and 
it would seem difficult to account for the small percentage 
of proteid in this fluid—a percentage which seems quite 
inadequate for the nutritional needs of the nervous tissues. 

The Intracranial Girculahon 

The brain is supplied with blood from the two vertebral 
and two internal carotid arteries, which anastomose at the 
base of the brain to form the circle of Willis. On account 
of this free anastomosis, one or two of these vessels can be 
obliterated without any effect on the circulation ; and in the 
dog, all four arteries can be ligatured without producing 
more than a temporary lowering of the functions of the 
cortex cerebri. The cortex is supplied by the posterior 
cerebral from the basilar artery, and the middle and anterior 
cerebral arteries from the mternal carotid. Although the area 
of distribution of these vessels does not coincide with the 
functional areas of the cortex, it is important to remember 
that blocking of the posterior cerebral artery will shut off the 
blood from the occipital lobe, so causing softening of this 
lobe and hemianopia ; while blocking of the middle cerebral 
artery will affect the greater part of the Kolandic area, 
with widespread paralysis on the opposite side of the body, 
and probably some impairment of sensation, as its results. 
If the lesion be on the left side, complete aphasia will be 
produced. The symptoms of obstruction oi ^the anterior 
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cerebral artery will be less definite, since this vessel supplies 
only a small portion of the Eolandic area, together with the 
frontal lobes. 

The optic thalamus and corpus striatum with the adjacent 
parts are supphed by small vessels which come off directly 
from the circle of Wilhs. 

The veins of the brain pour their contents into a number 
of venous smuses in the substance of the dura mater. The 
superior longitudinal sinus passes from before backwards 
along the vertex of the cranium at the top of the falx cerebri 
to the occiput, where it joms the straight sinus in the blood- 
cavity known as the torcular Herophili. The straight sinus 
carries the blood from the deeper parts of the brain, which 
have arrived at it by the veins of Galen along the velum 
interpositum. From the torcular the blood is carried by the 
lateral sinus on each side to the internal jugular veins. 

The circulation in the brain differs from that m all other 
parts of the body, in that the cranial cavity forms a closed 
cavity with rigid walls. A small amount of space may be 
obtained in this cavity by the escape of cerebro-spinal flmd, 
but beyond this change, which can amount only to one or two 
C.C., we must say that the cubic contents of the cavity are 
invariable. Hence, the brain-substance bemg mcompressible, 
dilatation of any one set of vessels can be obtained only at 
the expense of the constriction of another set of vessels. 
Thus a rise of arterial blood-pressure wiU cause a constriction 
of the vems until the pressure m these vessels rises to the 
pressure of the brain agamst them. Thus, as Leonard Hill 
has pointed out, with rise of arterial pressure the circulatory 
system of the brain tends to assimilate itself to a scheme of 
rigid tubes, and the whole energy of the arterial pressure is 
spent in mamtainmg an increased velocity of blood-flow. 

The intr acranial pressure is the sambas the cerebral 
capillary and venous pressures. In the dog in the horizontal 
position it amounts to about lO^mjn. HgO, but it may vary 
according to the ^sLtibnTand circulatory conditions of the 
animal within very wide limits without affecting the functions 
of the brain. 

Although the cerebral vessels are supplied with nerve- 
fibres, we have as yet no defimte experimental evidence of 
vaso-motor changes m these vessels. Smce the vascular 
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system of the whole body is under the control of a portion 
of the brain, viz. the vaso-motor centre, the circulation ( 
through the brain can be increased or diminished according , 
to its supreme needs by alterations of the circulation in other ' 
parts of the body. Thus in the upright position, an adequate 
pressure is maintained m the cerebral arteries by constriction 
of vessels in the splanchnic area. The brain m fact uses 
this great vascular area as the means for regtdating its own 
blood-supply. 
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Diagrammatio repiesentation of the diatiibution of the sympathetic system 
The black lines lepreaent the meduUated preganghomo fibres, such as those 
making up the white lami oommunioantes, while the post-gangliomo fibres 
aie printed m led On the extreme light of the figure is indicated the 
general distribution of the white lami arising from the several nerve-roots, 
while the double biackets pomt to the nerve-roots making up the limb 
plexuses. H, heart; S, stomach; 1, small mtestine, 0, colon; B, bladder. 
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CHAPTEE XVI 

THE VISCEEAL OE AUTONOMIC SYSTEM OE NEEVES 

Wb have already dealt ■with the chief functions of this system 
of nerves in connection with the various organs of the body. 
It remains only to consider some general points affecting the 
anatomy and fimctions of this system as a whole. 

The visceral, autonomic, or splanchnic system of nerves 
includes the sympathetic system properly so called, and some 
of the cranial and sacral nerves. 

The sympathetic system (Fig. 806) is composed of a cham 
of ganglia lying each side of the vertebral column, there 
being as a rule one ganglion to each spinal nerve-root. In 
the cervical region however these ganglia are condensed mto 
two, the supenor and mferior cervical ganglia, united by the 
cervical sympathetic trunk; and the upper three or four tho¬ 
racic ganglia on each side are condensed to form the so-called 
stellate ganghon. At the bottom of the cham there is only 
one coccygeal ganglion for the coccygeal vertebrae. 

In the abdomen is a second system of ganglia, in especial 
connection with the abdominal viscera, lying in front of the 
aorta and snrroundmg the origins of the large arteries to the 
alimentary canal. These are the semilunar or solar gangha, 
the superior mesenteric and the inferior mesenteric ganglia. 

Fmally in the organs themselves we find a third system 
of ganghon cells either scattered or collected to form small 
gangha. These are probably connected not only with the 
sympathetic but also with the other splanchnic nerves, cranial 
and sacral. The three systems of ganglia have been distin¬ 
guished as the lateral, collateral, and terminal ganglia. 

The ganglia of the sympathetic chain are connected with 
aU the spinal nerves, just after they have given off their pos¬ 
terior division by means of the rami communicantes. These 
rami communicantes are of two kinds, white rami consisting 
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of smaJl meduUated fibres, and grey rami composed almost 
exclusively of non-mediiUated nerves. 

It has been shown by Gaskell that the white rami are 
formed by fibres which have their origin in the spinal cord 
and perhaps in the posterior root ganglia; whereas the grey 
rami represent fibres which, arisiag in the sympathetic ganglia, 
run back to join the spinal nerves. The visceral outflow 
represented by the white rami is limited to a distinct region 
of the cord, viz. from the first thoracic to the third or fourth 
lumbar nerve-roots ; whereas the grey rami pass from the 
sympathetic to all the spinal nerve-roots. It is found by 
experiment however that stimulation of a limited number of 
white rami produces all the effects that can be evoked by 
stimulation of the grey rami, showing that the impulses 
leaving the cord pass upwards and downwards in the sym¬ 
pathetic system and are broken somewhere in their course, 
bemg transferred to a fresh system which, by means of non- 
medullated nerves, carries them on to their destination. 

The relationships of the white and grey rami are strikmgly 
illustrated in the case of the pilomotor system of nerves. 
These in the cat arise from the cord by the anterior roots 
from the fourth thoracic to the third lumbar inclusive. 
Passing by the white rami to the sympathetic system, they 
travel upwards and downwards and end by arborisations in 
the various ganglia of the mam chain. Prom the cells of each 
ganghon a fresh relay of fibres starts, which runs as a bundle 
of non-medullated nerves (the grey ramus) to the correspond¬ 
ing spinal nerve, with which it is distributed to its peripheral 
destination. The position of the cells in the nerve-path can 
be easily ascertained by the nicotme method described on 
p. 266. Each grey ramus causes erection of the hairs above 
one vertebra, whereas stimulation of one white ramus causes 
erection over three or four vertebras, showing a distribution 
of the fibres of the white ramus to the cells in several succes¬ 
sive ganglia. 

We may summarise here the distribution of these pilo¬ 
motor fibres in the cat. 

1. Por the head and upper part of the neck the fibres 
arise by the fourth to the seventh thoracic anterior roots, 
and have their cell-stations in the superior cervical ganglion. 
They travel as small medullated nerve-fibres from the white 
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rami up the sympathetic chain, through the stellate ganglion 
and ansa Yieussenii and up the cervical sympathetic. 

2. The next set of nerve-fibres have their cell-station in 
the stellate ganglion. The white rami arise from the fifth to 
the eighth thoracic nerves, while the grey rami pass to the 
nerve-roots from the third cervical nerve to the fourth thoracic 
nerve. 

8. The remainmg nerves supplying all the rest of the 
body and- tail arise by the white rami from the seventh 
thoracic to the third or fourth lumbar nerve, and are distri¬ 
buted as grey rami to all the spinal nerves below the fourth 
thoracic. 

We thus see that, in speaking of the functions of a spinal 
nerve-root, we must clearly distmguish whether we mean the 
- root as it rises from the spinal cord, in which case its visceral 
functions will include those of its white ramus, or whether 
we mean the made-up or complete spmal nerve after it has 
received its grey ramus (Fig. 307). In this latter case the 
visceral functions of the root will be more restricted than m 
the former case, and will have a different distribution. In 
stimulatmg the nerve-roots m the spmal canal it is some¬ 
times possible, by weak stimuli, to display the functions of 
the corresponding white ramus, and then by increasing the 
stimulus to get superadded the effects due to excitation of 
the grey ramus in the made-up nerve, in consequence of the 
spread of current. 

* When for example the eleventh thoracic antenoi roots aie stimulated m 
the Spinal canal with weak shocks, a fairly long stnp of hairs m the lumbar 
region will be erected, the maximum movement of the hairs bemg near the 
middle of the stnp This maiiks the area of distiibution of the pilomotor 
nerves given by the eleventh thoracic nerve to the sympathetic If then the 
strength of the shocks be moieased to a oertam pomt, the haus m the long 
stnp will of course be erected as befoie, but m addition there will be energetic 
erection of hairs m a short stnp a httle distance above the long stnp, and 
separated from it by a quiescent legion This short stnp is the same as that 
afleoted by stimulating the grey lamus or the dorsal cutaneous branch of the 
eleventh thoracic nerve It marks the area of distnbution of the pilomotoi 
fibres received by the spmal nerve from the sympathetic ’ (Langley). 

We may now indicate briefly the main course and functions 
of the fibres of the sympathetic system (Fig. 306): 

1. The head and neck are supphed by fibres leaving the 
spinal cord by the first five dorsal nerves (chiefly by the 
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Diagram (aftei Langley) to show the manner in which a spmal nerve is 
completed by the entry of a grey ramus, containing fibres derived from 
cells m the sympathetic chain pprd, posterior primary division 
(The post-ganghonio flbies are lepresented red) 
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second and third). They all have their cell-station in the 
superior cervical ganglion. They convey: 

Yaso-constrictor impulses to the blood-vessels. 

Dilator fibres to the pupU. 

Secretory (trophic?) fibres to the salivary glands and 
sweat glands. - 

Yaso-dilator fibres to the lower lip (in the dog). 

2. The thoracio mscera (heart and lungs) are supplied 
by the same five nerve-roots. The cell-station of these 
fibres is however situated in the stellate ganglion. They 
convey: 

Accelerator or augmentor impulses to the heart. 

Yaso-constrictor impulses to the pulmonary blood¬ 
vessels (?). 

3. The abdomvnal viscera receive fibres from the lower 
six dorsal nerves and the upper three or four lumbar. Most 
of these fibres run through the sympathetic chain without 
TmalriTig any connection with the ganglia, and have their cell- 
stations in the collateral ganglia of the solar plexus, the 
semilunar and superior mesenteric ganglia. On their way 
to these gangha they form the greater and lesser splanchnic 
nerves. Their functions are: 

Yaso-constrictor for stomach and small intestine, kidney, 
and spleen. 

Probably vaso-dilator for the same viscera. . __ 

Inhibitory for both muscular coats of small intestine. 

Motor for ileo-colic sphmcter. 

Secretory for pancreas (?). 

4. The pelvho viscera are supplied by the lower dorsal 
and upper three or four lumbar nerve-roots. These fibres 
also pass by the main chain to make connections with the 
cells chiefly in the mferior mesenteric ganglia. They 
convey. 

Yaso-constrictor impulses to pelvic viscera. 

Inhibitory fibres to colon (both coats). 

Motor and possibly also inhibitory fibres to bladder. 

Motor fibres to retractor perns. 

Motor fibres to uterus and vagina. 
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5. The fore-hmb receives nerves from the white rami of 
the fourth to the tenth thoracic nerves. All these fibres are 
connected with cells in the stellate ganglion. They convey; 

Vaso-oonstriotor impulses to blood-vessels. 

Secretory nerves to the sweat-glands. 

6. The hind, Umb is supplied by the nerve-roots from the 
eleventh thoracic to the third lumbar inclusive. The ceU- 
stations of these fibres are situated in the sixth and seventh 
lumbar and first sacral ganglia. They convey: 

Yaso-constrictor impulses. 

Secretory nerves to the sweat-glands. 

Every fibre of the sympathetic system is thus in some 
pomt of its course interrupted by a nerve-ceU, and Langley 
has shown that this is the only cell-break m the fibre, i.e. 
every fibre is connected with one cell and one cell only. 
This law applies not only to the sympathetic fibres, but also 
to the fibres of the other visceral nerves. Each fibre there¬ 
fore can be regarded as made up of two sections—a pre¬ 
ganglionic fibre arismg m the central nervous,system and 
passing down to a ganghon as a fine medullated nerve-fibre, 
and a post-ganglionic fibre arismg m this'ganglion and con¬ 
tinued generally as a non-meduUated fibre to its peripheral 
distribution. 

The efferent nerves of the sympathetic system arise in the 
cells of the lateral horn, and thus are homologous with the 
splanchmc fibres which arise in the medulla, viz. the motor 
root of the fifth, the facial nerve, and the motor root of the 
vago-glossopharyngeal. 

According to Gaakell, the typical segmental nerve would have four roots * 
two somatic, the motor and sensory roots distributed to the skin and skeletal 
muscles, and two splanchnic roots, also motor and sensory, composed of small 
fibres and distributed to the viscera or struotures which aie visoeial in origin, 
e g. developed from branchial arches 

In the spinal cord we have the proved separate ongin of the motor fibres 
from the eaitenor hom and the visceral efierent fibres from the lateral horn; 
and a similar distinction may be made m the medulla between such somatic 
roots as the third, fourth, sixth, and twelfth nerves, and the splanchnio roots 
represented by the moto? root of the fifth, the facial nerve, and the motor root 
of the vago-gloasopharyngeol 

In the medulla a distmction con be drawn between the central connections 
of the splanchnic af erent and the somatic afierent nerves Examples of the 
former are the vago-glossopharyngeal nucleus and the sensory nucleus of the 
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fifth, and of the latter the long descending root of the fifth in oonneotion with 
the Bubstance of Rolando It la not known however whether a amular distinc¬ 
tion can be drawn in the cord between the two sets of fibres. 

Such of the visceral nerves as do not belong to the sympa¬ 
thetic system arise chiefly in the medulla and in the sacral 
region of the cord. Like those of sympathetic origin they 
all conform to Langley’s law as to the possession of one and 
only one cell-station m their peripheral course. In most 
cases these cells he near the periphery, and belong therefore 
to the termmal set of ganglia. The position of their nerve- 
cells IS as follows • 

Third nerve .—The branches to the iris and cfliary muscle 
are connected with cells m the ciliary ganglion. 

Chorda iympam .—The vaso-dilator and secretory fibres 
of this nerve are connected with cells lying near the glands; 
those to the sublmgual gland with cells in the subhngual 
(‘submaxillary’) ganglion; and those to the submaxillary 
gland with scattered cells lying m the hilum of the gland. 

Vayus .—The mhibitory nerves to the heart are connected 
with gangha in this organ itself. The motor fibres to the 
oesophagus and stomach have their cell-stations in the 
ganglion trunci vagi (in the alhgator). 

Pelvic visceral nerve .—This nerve is connected with a 
collection of ganglia lymg in the hypogastric plexus at the 
base of the bladder. It has the following functions: 

Dilator to vessels of the penis (hence its name of nervus 
erigens). ■ — ^ 

Dilator to vessels of pelvic viscera. 

Motor to bladder, colon, and rectum. 

Inhibitory to retractor penis. 

It will be observed that m many cases the viscera get 
their nerve-supply from both sets of visceral nerves, and 
that in such cases the two sets of nerves are antagomstic in 
function. It IS impossible however to draw a sharp Ime 
between the functions of the two sets, smce the same nerve 
may be motor for one set of muscular fibres and mhibitory 
for another set in the same viscus. Thus the colonic branches 
of the inferior mesenteric ganghon are motor (constrictor) 
for the blood-vessels and mhibitory for the muscular walls of 
the colon. 
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Functions of the Sympathetic and Peripheral Gcmglia 

These gangha consist of a mass of nerve-cells embedded 
in connective tissue, each cell bemg surrounded by a special 
capsule of endothelial cells. The nerve-cells, though in 
section resembling those in a posterior root ganglion, diSer 
from these in being multipolar, each cell probably possessing 
one axon and several dendrites. The dendrites end m little 
arborisations round adjacent cells. 

Smoe the mam nervous system is characterised by the 
possession of nerve-cells, it was formerly thought that any 
collection of nerve-cells must partake of the co-ordmatmg 
and reflex functions of the central nervous system, i.g. must 
act as local nervous centres. All efforts have failed how¬ 
ever to prove the existence of such a function, and we must 
conclude that the sole use of these gangha is to serve as dis¬ 
tributing centres. We may assume that one preganghomc 
flbre divides, and the branches arborise round several cells 
(Pig. 808), whence new fibres arise to carry tb.a' impulse 
to the periphery—an impulse in the case of \jMch there is 
no need for any minute locahsation. Indeed the essential 
part of a nerve-centre is not the nei^s-oells at all, but the 
presence of a complex tangle of fibres, rendering possible 
the passage of impulses m all directions, the passage of an 
individual impulse however being limited by reason of the 
varying strength of the impulse, and the varymg resistance 
&f the~mny possible tracts. In many mvertebrata the 
nervous system consists of a punctated material composed of 
a dense interlacement of fibrils, while the cells he outside 
the centres, and have one thick process dipping into the 
nervous mass, from which process both axon and dendrites 
arise. In this case it has been found that extirpation of the 
cell-bodies does not destroy the capacity of the remammg 
fibrillated substance to act as a reflex cenke. 

Such a complex of fibres is found in mammals m the 
plexuses of Auerbach and Meissner which, as we have seen, 
act as local nerve-cenkes for the intestine. But all such 
mechanism is wantmg m the sympathetic gangha, which 
contain neither association fibres between different cells of a 
ganglion nor commissural fibres between the cells of adjacent 
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-Spmal cord 

---- Sympathetic chain 

Solar gaiqlion 


A B 

Figure (after Langley) to show the probable mode of connection 
of the fibres of the splanchnic nerve with nerve-cella A, usual 
type, all the fibies passmg through the lateral chain to end m 
the collateral gangha of the solar plexus, B, alternative con¬ 
dition, m which a small minority of the fibres have their oell- 
Btations in the sympathetic oham The preganghomo fibres 
are black, the post-ganglionio red 
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ganglia. All the fibres m a sympathetic ganglion have either 
entered it from the white rami or are destmed to leave it as 
fibres of grey rami. 

Several reflexes formerly described in peripheral ganglia, 
as e.g. the ‘ submaxillary’ ganglion, have been proved to be 
fallacious. There is however a certam group of phenomena 
which can be elicited in sympathetic ganglia, and which 
have been termed by Langley and Anderson pseudo-reflexes, 
or better, axon reflexes. If for instance we divide all the 
nerves going to the inferior mesenteric ganglion, leaving the 

Pia 809. 

Sp cord 



bladder connected -with the inferior mesenteric ganglion only 
by the hypogastric nerves, and then after dividmg the left 
nerve stimulate its central end, we obtain a contraction of 
the right half of the bladder. This effect is abohshed by 
pamtmg the inferior mesenteric ganglion with nicotine, show¬ 
ing that the activity of the cells of this ganglion is involved 
in the process. It has been shown however by Langley and 
Anderson that this is not a true reflex, but is rather analogous 
to Kuhne’s gracilis experiment (cf. p. 163). A preganglionic 
fibre arrivmg at the inferior mesenteric ganghon branches, 
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one branch ending round the cells of the ganghon while the 
other branch passes down in the left hypogastric nerve to a 
cell sitnated near the base of the bladder (Fig. 809). When 
therefore we stimulate this nerve we are stimulating a pre- 
ganghonie fibre, and the excitation spreads up to the point 
of junction of the two branches and then down the other 
branch to excite the cell in the inferior mesenteric ganglion. 
We thus obtain an apparent motor reflex by stimulation of 
a nerve which is itself motor. 

Similar pseudo-reflexes can be obtained along the abdo¬ 
minal cham on the pilomotor nerves, but furnish no grounds 
for ascribmg the property of reflex centres to peripheral 
ganglia. 


t 
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EEPaODUCTION 

Througeoitt the animal kingdom we find the welfare of 
the mdividual subordinated to that of the species. The 
5 jjj 5 jfiing^ aQt.of an animaTs Kfe is the production of a new 
individual, fitted in all respects to take the place of the 
parent organism, and so to maintain the race on the earth. 
In the case of the lowliest unicellular organisms, which 
reproduce themselves only by fission, we cannot rightly 
speak of death from natural causes. One amoeba divides 
mto two new individuals similar to it in every way, and 
these in their turn divide agam. Hence the amoebse have 
with some right been spoken of as immortal. It is evident 
that any accommodation of the organism to its environment 
must, since it affects the whole cell, be transmitted in equal 
degree to the cells that are the offspring of the division of 
the parent. And so we may, in course of time, get a gradual 
change of type m the organism. 

As we go higher in the scale we meet with more highly 
differentiated organisms, consisting of cell colonies, each 
member of which has its own appointed task to fulfil; and 
here we find that the office of reproduction also is confined 
to one cell or group of ceUs. The immortality of the amoeba 
has been transmitted to this group of cells. From this point 
onwards, in the scale of animal life, we may regard the 
reproductive cells or germ-plasma as being contmuous through 
successive generations. With the pr^oduction of each new 
generation the germ-plasma divides into two parts: one 
part, the somatic half, formmg what is generally understood 
as the mdividual, and bemg differentiated into various forms 
of cells to perform the multifarious functions of reaction 
associated with life; and the other half, persistent m its 
primitive form as the reproductive part of the individual, 
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ready when the time comes to divide again and give birth 
to a new generation. 

There are however many uniceUnlar organisms in which 
the processes of reproduction are not quite so simple. 
These are able to multiply for a few generations by simple 
fission. At the end of this time, for the production of 
a new generation or series of generations, the conjoint action 
of two cells is required. In this process of conjugation two 
unicellular organisms come together and unite, their nuclei 
fusing to form one nucleus; the single cell thus made is 
capable of producmg by fission several more generations. 
Here the cells that fuse are exactly alike in aU respects. 
A little higher in the scale however, among the multicellular 
organisms, we find that the cells, which conjugate to form 
a new cell capable of developing into an individual, present 
somewhat different characters. The one cell, which has 
generally a certain amount of stored-up reserve material m 
its protoplasm, is the female element, and is called the ovum. 
The other cell, which is chiefly limited to the nuclear sub¬ 
stance, is called the spermatozoon, and is the male element. 
This is the sexual mode of reproduction, which obtains in 
all the higher animals. 

The conjugation of these two cells is not the union of 
the whole of two ordinary cells of two mdividuals. We 
find that both .ovum and spermatozoon, before their union, 
undergo certain important changes, which have been more 
fully studied in the case of the former. The nucleus of the 
ovum just before fertilisation divides mto two parts; one 
half is extruded with a small amount of the protoplasm, and 
the other remains in the main body of the ovum. The 
nucleus then undergoes division a second tune, and again 
one half is extruded with a httle protoplasm. The two 
extruded cehs are spoken of as polar bodies, and do not 
undergo any further modification. The part of the nucleus 
left in the ovum is the female ;pronuGleus, A similar change 
takes place m the male element, and the nuclei of the 
spermatozoa are equivalent to female pronuclei. These male 
and female pronuclei have the power of uniting together to 
form a whole nucleus, which is then capable of undergoing 
a long series of divisions to form a new individual. The 
union is effected by the penetration of the spermatozoon. 
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which is m the higher animals mobile, into the ovum. Here 
for a while two nuclei are seen, the male and female pro- 
nuclei. They then fuse together, and the fertilised ovum is 
now potentially a new individual, partaking of the charac¬ 
teristics of both its parents. 

Sexual life of man ,—The period of active sexual life, 
durmg which the individual is capable of begettmg or bear¬ 
ing children, begins in both sexes at the age of fourteen to 
sixteen, knq,wn as the age of puberty. In women, the 
beginning of this period is marked by the onset of menstrua¬ 
tion. This is the occurrence of a flow of mucus and blood, 
which arises in the uterus, from the genital organs ; it lasts 
from three to five days, and recurs regularly every four 
weeks. Menstruation is associated with ovulation, which 
consists in the discharge of an ovum from the ovary. This j 
latter contains follicles, each enclosing an ovum, which are [ 
known as the Graafiam follicles. They are lined with a layer j 
of cells—the memhrana granulosa —^which surround the ovum.' 
In the course of development these cells jiroliferate and' 
divide into two layers, each several cells thick, one of which 
lines the follicle, and the other —discus prohgerus —encloses 
the ovum. The space between them is filled with colourless 
fluid, which contams proteids. This fluid gradually increases 
in amount until it forms a large projection on the surface of 
the ovary. At or just before each menstrual period a ripe 
Graafian follicle ruptures, and the ovum is discharged mto 
the fimbriated extremity of the Fallopian tube, down which 
it is conducted to the uterus. This is accompanied with 
congestion of the genital organs, especially of the uterus, m 
consequence of which some of the smaller vessels of the 
uterine mucous membrane rupture, and give lise to the dis¬ 
charge of bloody fluid. The discharge of blood is accom¬ 
panied with the fatty degeneration and disappearance of the 
most superficial parts of the mucous membrane itself. 

When the Graafian follicle ruptures, hsemorrhage takes 


place into its interior. This is followed by a rapid 
liEeration of the cells of the memhrana gramflopp./*^^?^ 
fccpwB in folds into the cavity, absoji^’y.ih^^' 
th« hsmoglobm 

1 tne expuMjL . by muscular contractions of 

I TMi afiri r ^ 


I uterus 


jognised 
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the corpus hcteum. This is often spoken of as the spurious 
•corpus luteum, to distinguish it from the corpus luteum of 
pregnancy. If pregnancy does not follow the discharge of 
the ovum, the corpus luteum disappears in from one to two 
months. If however pregnancy occurs, the corpus luteum 
becomes very large, forming a prominent projection on the 
aurface of the ovary, and is to be seen almost to the end of 
* pregnancy. Menstruation ceases during pregnancy, and is 
also generally absent duriug lactation. It ceases altogether 
between the ages of forty-five and fifty. After this time, 
which is known as the climacteric, the woman is no longer 
capable of bearing children. 

Impregnation .—In animals which have a rutting season, 
ovulation is also accompanied by a flow of blood from the 
genital organs, and it is immediately after this period, which 
corresponds to the menstrual period, that impregnation is 
effected. In the human species impregnation may be effected 
at any time, and the union of spermatozoa with the ova may 
occur in the uterus, Fallopian tubes, or even in abnormal 
cases on the surface of the ovary. 

If the ovum be not fertilised, it is cast out with the blood 
and products of disintegration of the uterine mucous mem¬ 
brane at each menstrual period. If however it be fertilised 
while in the Fallopian tube, a considerable thickenmg of the 
uterine mucous membrane takes place from proliferation of 
its cells, and it at the same time becomes very vascular. 
When the ovum reaches the uterus it becomes embedded m 
the mucous membrane covering the fundus of the uterus, 
which grows round and completely encloses it. This 
thickened mucous membrane, which is called the dec'bdAia, 
becomes fused with the outer layer of the ovum, and the 
latter, by means of its blood-vessels, derives its nourishment 
from the uterine mucous membrane. 

At about the eighth week after impregnation the forma¬ 
tion of the takes place in the following manner:— 
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layer of cells and supplied "with blood-vessels ; these project 
into maternal venous sinuses which have developed in the 
thickened mucous membrane of the uterus. 

Through the medium of this placenta the developing 
animal obtains all the nutrient material it requires, both 
oxygen and combustible foodstuffs. The vessels of the 
foetus are not in direct communication with those of the 
mother. The interchange of material between the two must 
be effected by the cells covering the placental villi, and 
takes place in fact through two layers of cells, the endo¬ 
thelium of the foetal vessels and the epithelium of the viUi. 
The placenta at the same time serves as an excretory organ 


Fia. sio 



Diagram to show straoture of human plaoenta m b MatSAial 
venous bihub v YiUub (outgrowth from chorion), oontaimng 
artery and vem with oapillaries derived from the umbilical 
veBselB of the ffstus, and covered with a single layei of epithelial 
cells 


for tlie totas, the effete material of the latter passing from 
the capillaries to the blood in the venous sinuses which bathe 
and surround the villi. The placenta is therefore alimentary, 
respiratory, and excretory. 

Parturition ,—While the ovum is undergoing its wonderful 
development, in which a complete human bemg is formed 
out of a single cell by division and differentiation, the uterus 
becomes very much enlarged, and its walls thickened by new 
growth of unstriated muscular tissue. At the end of nine 
months from the date of impregnation the development of the 
fcetus is complete, and parturition takes place. This consists 
in the expulsion of the fostus by muscular contractions of 
the uterus. 
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Parturition or labour is divided into three stages. In the 
first stage the contractions of the uterus, which are painful 
and are hence spoken of as ‘ pains,’ are devoted to dilating 
the os uteri. This is effected by contractions of the longi¬ 
tudinal muscles of the uterine wall, at the same time that l^e 
'oBtuB, contained in its bag of membranes, is forced against 
and expands the os. 

When the os is fully dilated the uterine contractions change 
m character, becoming more prolonged, and are accompanied 
by strong contractions of the abdominal muscles, which force 
the child out through the vagina. 

A short time after the birth of the child the pains recom¬ 
mence, and expel the placenta with the decidua and the 
fcetal membranes. In this third stage the connection of the 
uterme vessels with the placental sinuses is necessarily tom 
through. Bleeding however is prevented by the fact that the 
muscdlar fibres of the uterus remain firmly contracted after 
birth, compressing and obliterating the lumen of the torn 
vessels. 

Directly the child is born, the uterus, contracting on the 
placenta, compresses its vessels and prevents a further 
supply of oxygen to the fcetal vessels. The child therefore 
becomes asphyxiated, and the venous blood, acting on the 
medullary centres, calls forth the first act of respiration, and 
the process is started which is to supply the needs of the new 
individual with oxygen for the rest of its life. 

Parturition is obviously a complex reflex act, and depends 
for its normal carrying out on the integrity of the nervous 
connections of the uterus with the spinal cord. The centre 
for the act of parturition lies in the lumbar spmal cord, and 
it has been shown that parturition may go on normally m a 
bitch whose cord has been completely divided in the dorsal 
region. This act is then not necessarily dependent on the 
co-activity of the voluntary centres. 

After birth the enlarged uterus rapidly diminishes in size 
in consequence of the atrophy and disintegratidn of the newly 
formed muscular tissues, and this imoVuUon is complete at 
the end of three months. 

Lactation .—The young child at birth is not independent, 
but relies for many years for nourishment and protection 
on the parents. For the first nine to twelve months of the 
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child s existence, under normal circumstances it is nourished 
entirely on the secretion of the mammary glands of the mother. 
The mammary glands vary largely m appearance according 
to the condition of the woman from whom they are taken. 
Before impregnation they are small, and on microscopical 
examination are seen to consist of a number of branching 
smuous tubules, which are cut m various directions, and so 
give the appearance of a number of alveoli. These tubules 
are filled with a sohd mass of ejuthehal cells. If impreg¬ 
nation occurs, a marked hypertrophy of the gland takes 
place, caused by the outgrowth of new columns of cells and 
the formation of new tubules from the pre-existing ones. 
At the same time the whole gland becomes more vascular 
from the enlargement of the blood-vessels in the interstitial 
connective tissue between the tubules. At the end of preg¬ 
nancy the cells in the interior of the tubules undergo dis- 
mtegration, leaving them Imed with only a smgle layer of 
cells. The active secretion of milk begins shortly before or 
immediately after birth. The first milk that is secreted, 
which is called the colostrum, differs markedly from normal 
milk as already described (p. 608). It contains less casein 
and fat, but more albumen, than ordmary mUk, and has in 
addition a certain amount of globulin. Owing to the large 
amount of these last two bodies, colostrum coagulates on 
boiling. Under the microscope, colostrum shows the pre¬ 
sence of a number of cells with nuclei, or masses of proto¬ 
plasm without nuclei (colostrum corpuscles). Some of these 
exammed m fresh warm milk show amoeboid movements. 
They probably have a twofold origin, from leucocytes which 
have wandered mto the lumen of the gland, and from central 
cells of the tubules which have undergone disintegration. 
The active secretion of ordinary milk sets in on the second 
or third day after dehvery. In the gland-cells we may dis- 
tmguiflh a resting and an active condition, just as m the case 
of other glands. In the acmi of a resting gland the lumen 
is wide and filled with mUk, and the cells form a single flat 
nucleated layer at the periphery. The inner margins of some 
of the cells show jagged edges, and the protoplasm of all the 
cells contains a few small granules. In an active gland, on 
the other hand, the cells, which are long and columnar, 
project far into the lumen. Many have two nuclei, and the 
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central parts of all the cells are filled with fat-granules and 
finer granules, which are probably protein in character (cf. 
Fig. 811). 

The process which goes on m the transition from the 
resting to the discharged condition is as follows. In some 
of the cells, the central part, with its contained degenerated 
daughter nucleus, breaks away entirely from the basal part, 


I'M 811 




Sections of maimnai^ gland of gmnea-pig (fat-granules stained 
blaoli with osmio aoid) 

A During rest 

B During active secretion It \vill be noticed that m this case 
the active formation of products of celi-metabohsm (granules, 
etc ) begins with the commencement of secretion, and does not 
occur almost exclusively during lest, as m the sahvary glands 
In the mammaiy gland, the active growth of protoplasm, the 
formation of granules from the protoplasm, and the discharge 
of these granules in the secretion, appear to go on at one and 
the same tune 


and m the lumen undergoes rapid disintegration, furnishmg 
to the fluid there protein, fat-globules, and probably sugar. 
The change in the cells however need not be so radical as 
this. Many simply discharge their fat-globules and their 
other contents into the lumen. This discharge of cell- 
contents is accompanied by a secretion of water and salts. 

It must be remembered that m the secretion of milk its 
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three chief constituents, caseinogen, lactose, and fat, are 
manufactnred by the cells of the mammary glands out of 
the indifferent lymph which bathes them. This m its turn 
is replenished from the blood circulating through the gland. 
Caseinogen and milk-sugar are found nowhere else in the 
body, nor m any other animal secretion. The fact that the 
fat also is especially formed by the cells is shown by experi¬ 
ments, in which a bitch was fed on pure protein food, and 
excreted more fats m her milk than were contained m the 
whole of her food. An mcrease m the fat in the milk is said 
however to be brought about by an increased fatty diet, and 
abnormal fats given in the food may appear among the fats of 
the milk. 

We see that the mammary gland in its mode of activity 
holds a position midway between the submaxillary mucous 
gland and the sebaceous glands of the skin. In*' the former 
the cells manufacture a substance—mucigen—out of materials 
brought to them by the blood, and this is discharged as mucm 
when occasion requires, part of the protoplasm of the cells 
always remaining intact, ready to build and store up mucigen 
m its meshes. In the sebaceous gland the secretion is 
furnished entirely by the disintegrated cells themselves, a 
continual new formation of cells going on at the periphery of 
the acini; the older cells, as they are forced towards the 
centre, undergo fatty degeneration, die, disintegrate, and are 
cast out as the fatty material known as sebum on the surface 
of the skin and at the roots of the hair 

The further rearing of the child, its mamtenance and 
education to fit it to become a useful member of society (that 
is, one fit to contmue the race on the earth), are as much 
physiological necessities for the continuation of the species 
as the processes we have just been discussmg. We are 
however here concerned with physiology in its narrower sense 
and need not carry it so far as the branch of this science 
known as sociology, the office of which it is to treat of these 
questions. 
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APPENDIX 

A DESCEIFTION OF SOME ELECTBIGAL INSTEUMENTS 
USED IN PHYSIOLOGY 

The first requisite of the physiologist, if he desires to use 
electrical currents for excitation or any other purposes, is a 
source of a constant current. For this two forms of batteries 
are chiefly used, Daniell’s and Grove’s cells 

A DanieU’s cell (Eig. 312) consists of an outer pot con¬ 
taining a saturated solution of copper sulphate, m which is 
immersed a copper cyhnder. To the cyhnder at the top a 


Pio 812. 



Darnell’s cell. 


binding screw is attached, by which the connection of the 
copper with a wire terminal is effected. Within the copper 
cylinder is a second pot of porous clay, filled with dilute 
sulphuric acid, m which is munersed a rod of amalgamated 
zinc. In this cell the zmc is the positive and the copper 
the negative element. Hence the current flows (m the cell) 
from zinc to copper, and if the bmding screws of the two 
elements are connected by a wire, the current flows in the 
wire (outer circuit) fiom copper to zinc, thus completing 
the circuit. Smce in the outer circuit the current flows 
from copper to zinc, the termmal attached to the copper is 
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called the positive pble, and that to the zinc the negative 
pole. 

When the current is required to be very constant, the 
zinc may be immersed in a saturated solution of zmc sulphate 
instead of dilute sulphuric acid. 

A Daniell’s cell, though very constant, gives only a small 
current, owing to its small electromotive force and high 
internal resistance. When a stronger current is required, a 
G-rove’s ceU (Fig. 818) may be used. In this cell the zinc 
IS iti the form of a cylinder, immersed m a cell eontainmg 
dilute sulphuric acid. Within the cylmder is a porous pot 
filled with strong nitric acid, m which is immersed a sheet 
of platinum. In many cases the porous ceU is made flat, 

Pia. 818 


a- 


Diagram of Grove’s oell. Zn Zino oylmder o Inner porous 
cell T Terminal or binding screw of platmum. n. Sheet of 
platinum 

and the zmc plate bent up round it, in order to decrease the 
distance between zinc and platmum, and so make the resist¬ 
ance as small as possible. In this cell the zinc is the positive 
and the platinum the negative plate; and so the terminal 
attached to the zinc is the negative, and that attached to the 
platmum the positive pole. 

Another very convenient form of battery, though not so 
constant as the two forme just described, is the b%chrornate 
battery, with a single fluid. This consists of a plate of zinc 
between two plates of carbon. The whole are arranged so 
that they can be immersed m or drawn out of the fluid at 
pleasure. The fluid used is a mixture of sulphuric acid and 
potassium bichromate. The wire attached to the carbons is 
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tlie positive pole and the current ill the outer circuit flows 
from carbon to zinc. 

Yarious forms of keys and commutators are used for 
making and breaking a current, or for changing its direction. 
Of these the only ones that we need here describe are Du 
Bois Eeymond’s key, and Pohl’s commutator or reverser. 
A Du Bois key consists of two pieces of brass, each of which 
has two binding screws for the attachment of wires. These 
are connected by a third piece, or bridge, which is jointed 
to one of the two side bits, so that it may be raised or 
lowered at pleasure (©. Fig. 814). It may be used either as 
a simple make-and-break key, or, as is more usual, as a 
short-circuiting key. In the first case one brass bank is 
attached to one terminal, the other to the other termmal. 
If the bridge be now lowered, the connection is made and 


A 


Pio 814. 


B 



Du Bois key, dosed 



Du Boia key, open 


the current passes. If the bridge be raised, the current is 
broken. 

Fig. 814 A and b show the way in which the key is 
arranged for short-circuiting. It will be seen that four wires 
are attached to the key; two going to the battery, and two 
we may suppose going to a nerve. When the bridge is down, 
as m Fig. 814 a, the current from the cell on coming to the 
key has a choice of, two routes. It may either go through the 
brass bridge, or through the other wires and nerve. The 
resistance of the nerve'however is about 100,000 ohms, 
whereas that of the bridge is not the thousandth part of an 
ohm. When a current divides, the amount of current that 
goes along any branch is inversely proportional to the resist¬ 
ance. Here the resistance in the nerve-cifcuit is practically 
mfimte compared with that in the brass bridge, and so all 


APPENDIX 


G9T 


the current goes through the bridge and none through thd 
nerve. We say then that the current is shori-Gircuited. If 
however the bridge be raised, as in Fig. 314 b, the only way 
the current can go is through the nerve, and so the whole 
of the current takes this course. This form of key is indis¬ 
pensable when exciting nerves with currents of high intensity. 
If an ordmary make-and-break key only be interposed in the 
circuit, excitation may occur even when the key is raised, the 
current having high enough potential to complete itself 
through the table and stand on which the preparation lies. 


Pig 315. 




This IS called unipolar exo^tation, and obviously cannot occur 
when the current is short-circuited. 

Pohl’s reverser is an arrangement for changing the direc¬ 
tion of the current. It consists of a slab of ebonite or parafiSn 
or other insulating material, m which are six small holes 
filled with mercury. A bmding screw is in connection with 
the mercury in each of these holes. Two cross-wires (not in 
contact with one another) join two sets of pools together, as 
shown in Fig. 816. 

A cradle consisting of two wires joined by an insulating 
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handle carries two arcs ol wire by which the pools at (a) 
and (b) may be put into connection with either (x) and (y), or 
the corresponding pools on the opposite side. It will be 
seen that with the cradle tipped to one side, as in Fig. 316 a, 
the current from the battery enters the reverser at (a); this 
proceeds up the wire of the cradle, down towards the right, 
then along the cross-wire to the pool at (x). (x) is therefore 

the anode, and (y) the kathode. 

In Fig. 816 B the cradle has been swung over to the other 
side. Here the cross-wires are not used at all by the current, 
which passes from (a) up the sides and down the carved wire 
to (y). In this case (y) is now the anode and (x) the kathode, 
and the direction of the current through the circuit connected 
with (x) and (y) is reversed. 

By faki-ng out the cross-wires, Pohl’s reverser may be 
used as a simple switch, by which the current may be led 
into two different circuits in turn. 

The Induction Coil {Du Bois Beymond) 

If a coil of wire in coimection with a galvanometer be 
placed close to (but insulated from) another coU through 
which a current may be led from a battery, it is found that on 
Tnakfi and break of the current of the second coil a momentary 
current is induced in the first. The mduced current on 
make is in the reverse direction, that on break m the same 
direction as the primary current. The electromotive force of 
the induced current is proportional to the number of tume of 
wire in the coils. This prmciple is made use of in the con¬ 
struction of the induction apparatus. This consists of two 
coils, eiach containing many turns of wire. The smaller coil 
(r,. Fig. 816), consistmg of a few turns of comparatively 
thick wire, is the primary coil, and is put into connection with 
a battery. It has within it a core of soft iron wires, which 
has the effect of attractmg the lines of force, concentrating 
them, and so mcreasing its power of inducing secondary 
currents. The secondary coil, Ej, of a large number of turns 
of very thin wire, is arranged so as to slide over the primary 
coil. It is provided with two temunals, which may be con¬ 
nected with the nerve or other tissue that we wish to stimu¬ 
late. Smce the electromotive force of the mduced current is 
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proportional to the number of turns of wire, it is evident that 
the electromotive force of the current delivered by the induc¬ 
tion coil may be many thousand times that of the battery 
current flowing through the primary coil. The induced 
currents increase rapidly in strength as the coUs are ap¬ 
proached to one another ; the strength of these therefore may 
be regulated by shoving the secondary up to or away from 
the primary coil. 

A short-circmting key is always placed between the secon¬ 
dary coil and the nerve to be stimulated. 

If only single induction shocks are to be used, a make- 
and-break key is put in the primary battery circuit, and the 


Fio 816 
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two wires from the battery and key are attached to the two 
top screws of the primary coil (c and d, Fig. 816). It is 
then found that the shock given by the induced current on 
break of the primary current is much stronger than that 
on make. 

In endeavomrmg to explain this difference in the mtensity 
of the make-and-break induction shocks, it must be remem¬ 
bered that the intensity of the momentary current induced 
m the secondary coil at make or break of the primary current 
is proportional (1) to the number of turns of wire m each 
coil, (2) inversely to the mean distance between the coils 
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(i.e, the nearer the coils, the stronger the induced current ); 
(3) to the rate of change in strength of the primary current. 
Now, when a current is made through the primary coil, induc¬ 
tion takes place, not only between primary and secondary coils, 
but also between the mdividual turns of the primary coil itself. 
This current of self-mduction, bemg opposed in direction to 
the battery current, hioders and delays the attainment by 
the latter of its full strength, and so slows the rate of change 
of current in the primary coh. Hence the intensity of the 
momentary current iaduced in the secondary coil is less 
than it would haye been without the retarding effect of self- 
induction. 


Fig 317 



At break of the current, an extra current is also produced 
in the primary coil in the same direction as the battery 
current, and therefore tending to reduce the rate of change 
of the current from fuU strength to nothing. In this case 
however the primary circuit being broken, the current of 
self-mduction cannot pass without jumpmg the great resist¬ 
ance offered by the air, so that its retarding effect on the 
rate of disappearance of the primary current may be prac¬ 
tically disregarded. In Fig. 317 the line a 6 c 5 will repre¬ 
sent the changes occurrmg m the primary current at make 
and break, a b corresponding to the make and c d to the 
break. The lower line represents the momentary currents 
induced in the secondary circuit, m being the current of low 
intensity and long duration produced by the make, and B the 
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flhock of high mtansity and short duration caused hy the 
sharp break of the primary current. 

When we desire to use faradic stimulation—that is, 
secondary mduced shocks rapidly repeated 50 to 100 times 
a second—we make use of the apparatus attached to the 
coil, known as Wagner’s hammer (Pigs. S16 and 818). In 
this case the wires from the battery are connected to the 
two lower screws (a and b, Fig. 316), Fig. 318 shows 
the direction of the current when Wagner’s hammer is 
used. The current enters at (a), runs up the pillar and along 
the sprmg to the screw (x). Here it passes up through the 
screw, and through the primary coil (e,) . From the jirimary 
coil it passes up the small coil (m), and from this to the 

Fig 318 


X 

T 



Diagiam showing course of cnireut in mduotonum when 
Waguei’s hammei is used 

terminal (b) and back to the battery. But in this course the 
coil (m) is converted into an electro-magnet. The hammer 
(h) attached to the spring is attracted down, and so the 
spring is drawn away from the screw (x), and the current is 
therefore broken. The break of the current destroys the 
magnetic power of the coil, the spring jumps up again and 
once more makes circmt with the screw (x), only to be drawn 
down again directly this occurs. In this way the sprmg is 
kept vibrating, and the primary circuit is contmually made 
and broken, with the production at each make-and-break of 
an induced current m the secondary coil. 

It is evident that, when the primary current is made and 
broken fifty times m the second, there will be a hundred 
momentary currents produced durmg the same period in the 
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secondary coil. Every alternate one of these produced by 
the break of current in the primary will be much stronger 
than the intervening currents produced by the make. In 
order to equalise make-and-break induotion-shooks, so that a 
regular series of momentary currents of nearly equal mtensity 
may be produced, the arrangement known as Helmholtz’s is 
used. In tbis arrangement the side wire (w), shown m 
Pig. 316, and diagrammatically in Fig. 319, is used to 
connect the binding screw (o) with the binding screw (c) at 
the top of the coil. The screw (x) is raised, so as not to 
touch the spring, and the lower screw (y) is moved up till 
•it comes nearly in contact with the under surface of the 
spring. If we consider the direction of the current now, we 


Fia. 319. 



Diagram Bhowmg courBe ol current when the Heimholtz 
Bide wire is used. 


see that it enters as before at the terminal, travels up 
the Helmholtz’s wire (w) to the screw (c), thence through 
the primary coil (Bj), then through the coil (m) of the 
Wagner’s hammer, and so back to the battery. The coil (m), 
thus becoming an electro-magnet, draws down the hammer 
(h). In this act the under surface of the spring comes in 
contact with the screw (y). The current then has a choice 
of two ways. It may either go through the coil as before, or 
take a short cut from the terminal (a), up the pillar, along 
the spring, through the screw (y), and down to the terminal 
(b) back to the battery. As the resistance of this latter 
route is very small compared with the resistance of the 
primary coil, etc., the greater part of the current takes this 
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way. The infinitesimal current which now passes through 
the coil of Wagner’s arrangement is msufGicient to magnetise 
this, and the hammer springs up again; thus the process is 
restarted, and the spring vibrates rhythmically. With this 
arrangement the primary current is never broken, but only 
short-curcuited, and so diminished very largely. Hence the 
retarding influence of self-induction is as potent with break 
as with make of the current, and the effects on the secondary 
coil.in the two cases are approximately equal. In Fig. 317 
(c e) represents the change m the primary current when the 
current is short-circuited instead of being broken, and (b) 
represents the effect produced in the secondary coil. It will 
be seen that the currents (m) and (b) are practically identical 
in intensity and duration. 


Fia 820 . 




Diagram to show the mode of constraotlon of a oondenser 


Condenser.—11 two plates of metal separated from one 
another by a thm insulating layer of dielectric such as air, 
glass, mica, or paraffined paper, be connected with the two 
poles of a galvanometer, each plate acquires the potential of 
the pole of the battery with which it is connected, and re¬ 
ceives therefrom a charge of electricity (positive or negative). 
If the connections be broken the two plates retain their 
charge. If now they be connected by a wire they discharge 
through the wire, and if a nerve be inserted in the course of 
the wire, it may be excited by the discharge. 

The amount of electricity that may be stored up in this 
way will depend on the extent of the plates and their 
proximity to one another, as well as on the of the 
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charging battery. In order to get great extent of surface, 
a condenser is built up as in the diagram (Fig. 320) of a 
very large number of plates of tinfoil, separated by discs of 
mica or paraffined paper. Alternate discs are connected 
together: thus 1, 3, 6 are connected to one pole, while 2, 4, 
6 are connected to the other. 

The rheocord is used to modify the amount or strength of 
current flowing through a preparation. One form of it is 
represented in Fig. 321. A constant source of current^at b 
causes a flow of electricity from a to h through a straight 
way. As the resistance of this wne is the same throughout 
its length, the fall of potential from dtoh must be constant. 

The nerve, or whatever preparation that is used, is con¬ 
nected with the straight wire at two points, at a and at c, 


Fig 821 
B 



by means of a eliding contact or rider. Supposing that 
there is an electromotive difference of one volt between a and 
6, it IS evident that if c is pushed close to &, the b.m.f. 
actmg on the nerve will be also one volt. The b.m.f. 
however may be made as small as we like by slidmg c 
nearer to a. Thus if a 6 is one metre, and there is a difier- 
toce of one volt between the two ends, then if c be one 
centimetre from a, the b.m.f. actmg on the nerve will be 
ffxr Thus we alter the current passing through the 

nerve by altering the b.m.f. which drives the current. 

The galvanometer is an instrument used to measure 
strength of current. Its construction depends on the fact 
that, if a small compass be suspended withm a coil of wire 
and a current be passed through the wire, the compass is 
d.eflected, and tends to take up a position at right angles to 
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its former one. In practice a pair of such magnetic needles 
are usually employed, arranged reversely, as in Fig. 822, 
where a and n represent the north-seeking ends of the 
magnets a b and s 7i, On arrangmg them in this way the 
effect of the earth’s magnetism on them is weakened or 
annulled, and’they are spoken of as astatic. A bar compass 
is suspended over the galvanometer, by the adjustment of 
which the force with which the suspended pair of magnets 
tends to ‘set’ in one direction may be mcreased or dimi¬ 
nished. In Thomson’s galvanometer, as it is used for nerve 
work, the coils of wire have a resistance of 6,000 to 20,000 
ohms. Between the two magnets is fixed a small mirror. 
The swing of the magnet is recorded by observing the 

Fig 322 



Dlagiam of galvanometer, with astatic pair of magnets The 
arrows show direction of current fiom battery, and the swing 
of the needles 

excursion of a spot of light reflected by this mirror on to 
a horizontal graduated scale. 

In thermo-electric experiments, when very small differ¬ 
ences of potential have to be measured through a small 
resistance, the galvanometer must also have a small resist¬ 
ance, which here should not be more than one ohm. 

The capillary electrometer is an instrument for record¬ 
ing and measuring difference of potential. That is to say, 
if connected with two pomts, it measures the force which 
would make a cuirent flow between these two points if they 
were connected with a wire. 

Its structure is very simple. It consists of a glass tube 
drawn out to a fine capillary pomt. This tube with the 
capillary is filled with mercury. The pomt dips mto a wide 
tube contammg dilute sulphuric acid, at the bottom of which 
IB a little mercury. Two platmum wires melted mto the 

45 
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glass and dipping into the mercury serve as terminals. In 
consequence of capillary attraction the acid ascends some 
way into the capillary tube, and the force of this can, 
with fine capillaries, sustam the weight of several inches of 
mercury. 

When the msti’ument is used, the meniscus of the mercury 
in the capillary at its junction with the acid is observed 
xmder the microscopp, or a magnified image of it is thrown 
on a screen with the aid of the lime or electric light. * 

Fig 323 



Diagiam of capiUaiy electrometer Hg, Meicury The two 
termmala aie represented as leading off two points at the base 
and apex of a frog’s heart, a b 

If now the capillary and acid be connected with two 
pomts, it will be observed that any difference m the potential 
of these two pomts causes a movement of the meniscus If 
the pomt connected to acid be negative as compaied with the 
pomt connected to mercury m capillary, the meniscus moves 
towards the point of the capillary. If the acid be positive 
as compared with the capillary, the meniscus moves away 
from the point. It is further found that the extent of the 
excursion is piopoitional to the difference of potential. 

Smce the capillary electrometer appears to have no latent 
period, and is free from mstrumental vibrations, it is ex¬ 
tremely useful m recordmg the quick changes m potential 
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occurring in the diphasic electrical changes that accompany 
every contraction-wave in the body. 

The excursions lend themselves well to photography, so 
that we may obtain a graphic record of every electrical 
variation, and thus determine its extent and its time- 
relations. 

It must be remembered that this instrument is an electro¬ 
meter (measurer of difference of potential), and not a galvano¬ 
meter (current-measurer). When the electrometer is con¬ 
nected with two pomts at different potential, no current passes 
through it. Hence the use of non-polarisable electrodes is 
not so essential m experiments with this instrument as when 
we make use of the galvanometer. 
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Absorption of fooclstiLffs, 349-369 
of lymph, 296 
Accelerator nerves, 250 
Accommodation, 562 
Adaptation, visual, 566 
Adrenaline, 252. 520 
Aeiotonometei, 492 ‘ 

Air, changes of composition in lespired, 
886 

Alanme, 32 
Albuminoids, 46 
Albumens, 39 

denved, 40 

Albumoses, properties of, 41 
Alimentaiy canal, 8 
Alveolai an, 388 
^ Amboceptoi, 85 
Anuno-acids, 83, 883, 487 
Ammoma, excietion of, 488, 460 
formation of, 139 
Amoeboid movement, 157 
Amyloid substance, 40 
Amylopsm, 331 
Anabolic neives, 271 
Anabolism, 4 
Anaciotic pulse, 229 
Aneemia, 285 

AjiBBsthetios, action on neive, 180 

Anelectrotonus, 169 

Antibody, 86 

* Antipeptone,* 333 

Apex-beat, 219 

Aphasia, 663 

Apnoea, 417 

Arginine, 36 

Arteries, extensibility of, 190 

peripheral reactions of, 278 
pressure m, 192 
structure of, 189 


Ai tones, velocity in, 201 
Aspoitic acid, 84 
Asphyxia, 404 

mduence on blood-pressure, 275 
Assimilation, 4, 7, 26 
Astigmatism, 660 
Auditoiy sense, 644-649 
Auerbach’s plexus, 370 
Auto-oxidisable substances, 28 
Axon, 588 

BAfloPHinE coipuscles, 01 
Batteiies, 694 
Bidder’s gougha, 285 
Bile, 388-346, 363 
pigments, 343 

source of, 69 
salts, 341 
Bilnubin, 343 
Bihveidin, 343 
Bladdei, movements of, 469 
Blood, 67-86 ^ 

coagulation of, 75-84 
composition of, 84 

gases of, 391 ^ / U 

reaction of, 84 
specific giavity of, 84 
total quantity of, 283 
velocity of, 201 
Blood-corpuscles, 58-74 
chemistry of, 62-67 
estimation of, 73 
formation of, 70 
life history of, 68 

Blood-plasma, cond i tion s of clott i ng, 83 
Blood-platelets, 61, 63 
Blood-pressure, 192 

efiect of asphyxia on, 275 
jn heart, 216, 227 
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Blood-pressure, respiratory undula.- 
tions of, 423 
Blood-serum, 75 

poiBonouB effects of, 285 
Blood-vessels, mneivation of, 260 
reflex alterations of, 271 
struoture and propeities of, 189 
velocity of blood flow in, 201 
Bram, circulation in, 667 

oonueotiBg tiaots m, 626 
functions of, 22, 642-652 
localisation in, 656-668 
membranes of, 666 
structure of, 6*12-633 
Bronobi, innervation of, 418 

OaIiOMMETEii, 501 
Oane-Bugar, 54 
Oapillanes, oiioulation m, 280 
permeability of, 290 
velocity m, 204 

Capillary electrometei, 125, 706 
Oarbobydrates, absorption of, 854 
chemistry of, 61-66 
metabohsm of, 489-496 
of nulk, 609 

Carbon dioxide in blood, 391 

influence on respiratory 
centre, 405 
monoxide, 400, 420 
CarboxyhEemoglobm, 64 
Cardiograph, 220 
Cardiometer, 256 
Oaseinogen, 44, 328, 508, 693 
Cells, oxidati^ changes in, 28 

processes of rednotion in, 28 
Cellulose, 56 

Centre, cardio-inhibitory, 251 
respiratory, 402 
vaso-motor, 260 
Cerebellum, 646-661 
Cerebral circulation, 667 

hemispheres, 663-665 
Cerebro-spinal fluid, 66G 
Cerebrum, 22, 653 
* Ohoraoteristio,’ 101 
Chemical constituents of the body, 
26 et scg. 

Oholesterm, 49, 343 
Clioletelm, 343 
Chondnn, 46 
Ohondro-piotems, 46 


Ciliary movement, 167 
Ciicnlation, 189-285 
capillary, 280 
course of, 11 

mfluence of gravity on, 278 
m lungs, 422 
Oirculation-time, 206 
Coagulation, mtravasoular, 82 
of blood, 75 
of colloids, 81 
of milk, 324 

of musole-plasma, 131 ^ 

Coaguhn, 86 
Cold spots, 628 
Conoids, 81 
Colour vision, 672 
Oommutatoi, 696 
Compensation m heart, 267 
Complement, 86 
Condenser, use of, 175, 703 
Conduction m neiwe, 169 
Cones, 662, 667 
Contractile tissues, 87-168 
Contraction, isometiio, 107 
isotonic, 107 
law of, 171 
of heart muscle, 2 
of muscle, 102 
paiadoxioal, 166 
propagation of, m heart, 237 
wave, 108 

Contrast phenomena, 676 
Co-ordination, 15 
Cortex, functions of, 656 
structuie of, 653 
Ciarnal nerves, 634 
Cieatme, 36,133, 441 
Creatinme, 449 
CrystaUin, 40 
Cnraie, action of, 95 
Cutaneous sense, 526 
Cystine, 36, 833 
Cytase, 66 

DBfffflOA.TION, 876 
Degeneration, 684 

retrograde, 502 
Deglutition, 368 
Demarcation ouirent, 121,127 
Depressor nerve, 272 
Dextrm, 66 
Dextrose, tests for, 63 
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Diabetes, 490 
Diabetio coma, 405 
Diamino-aoids, 35, 833 
Diaphragm, movements of, 379 
Dioiotio wave, 226, 230 
Diet, 607 

Digestion, mechamsms of, 298-376 

muscular meobanisms of, 368- 
876 

DiphtboDgB, 482 
Di-saoohandes, 64 
Dissiftulation, 4 
Dnotless glands, 613-621 
Dys-oxidiaable substances, 28 

Eab, structuie of, 644 
Elastm, 47 

Electrical changes m glands, 312 
in muscle, 120 
m nerve, 164 
oigans, 128 
Electrodes, 98 

non-polarisable, 120 
Eleotrotonio current, 182 
Eleotrotonus, 167 
Emotional expiessiou, 661 
End-plates, 92 
Energy of nerve-stiniuU, 176 
Enterokmase, 331, 347 
Eosinophile, 60 

Equihbnum, mamteinuice of, 643 
Eiepsin, 304, 847 
Excitation of muscle, 96 
Excretion, 12, 375, 434 
Eye, accommodation in, 562 
adaptation of, 666 
ohiomatic abeiiation of, 668 
movements of, 563, 636 
refractive media of, 662 
Eye-baU, nutrition of, 580 

EiBOBB, composition of, 861 
Eat, formation of, 486 
Fatigue m nerve, 177,188 
of muscle, 141 
Fats, absorption of, 350 
chemistry of, 48-50 
emulBidoation of, 836 
of milk, 609 
Ferments, 299-904 
Fibrm, 76 

precursors of, 78 


Fibrm ferment, 80 
Fibimogen, 79 
tissue-, 82 

Foodstuffs, fate in oiganism, 478-612 
heat-equivalents of, 482 

Q-alactose, 64 
Gkilvanometer, 704 
Ganglia, reflex action in, 683 
Ganglion cells, functions of, 680 
Gases, iriespuable, 421 
of blood, 391 

respiiatoi’y mteichange of, 386- 
401 

Gastric juice, 816 
Gelatin, 46 

influence of panoieatio ]Qice 
on, 835 

Glands, see also Seoietion 
ductless, 513-621 
salivary, 307 
sebaceous, 473 
sweat-, 474 
Glaucoma, 681 
Globin, 06 
Globulins, 39 
Glucosamine, 46 
Glucose, 53 
Glutamic acid, 36 
Glycine, 84 
Glyoocholic acid, 342 
Glycogen, 56, 489 

m muscle, 133 
Glyoo-protems, 44 
Gyeosuiia, 492 
Glycuionio acid, 45, 492 
Giaoilis expeliment, 164 
Gustatory sense, 539 

H;ematin, 66 
HBBDiatogen, 72 
Heainatoidm, 07 
HiBinatolysis, 68 
HeBmatoporphyiin, 67 
HBBmm, 66 
Heamoohromogen, 06 
Hromocytometei, 73 
Haimodromogiaph, 202 
Heamodromometer, 202 
Hosmoglobm, 68 

compounds with gases, 62 
crystallisation of, 62 
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Hesmoglobin, destruotiou of, 68 
estimation of, 74 
fate of, 845 
formation of, 69 
spectrum of, 66 
HeBmoglobinometer, 74 
Heamolyais, 85, 285 
Hesmorrhage, effects of, 286 
Hesmotacliometei, 203 
Heoimg, 644-549 
Heart, action of asphyxia on, 276 
afferent nerves of, 250 
anatomy of, 206 
automatic power of, 236 
compensation m, 257 
fiog’s, anatomy of, 284 
influenoe of chugs on, 251 
mammalian, innervation of, 245 
rhythm of, 242 
negative pressure in, 218 
output of, 263 
pressure in, 215, 226 
rhythm of, 233 
work of, 258 

Heart-heat, phenomena of, 210 
Heart-impulse, 219 
Heait-musole, piopertiea of, 236 
Heart-sounds, 218 
record of, 221 

Heart-valves, action of, 211 
Heat, production of, 601 
Heat-formation lu neive, 165 
m muscle, 114 
Heat-spots, 528 
Hemianopia, 661 
Hexone bases, 83, 334 
Hexose, 51 
Hippuiic acid, 449 
Histidme, 86 
Histones, 37, 42 
Hydrobihrubm, 463 
Hypermetropia, 560 

Impregnation, 688 
Induction coil, 698 
Inffammation, 280 
Inhibition, 607 

effect of stiychnme on, 607 
of involuntary muscle, 166 
Inogen, 188 
Inosit, 133 
Intestinal jmoe, 847 


Intestine, large, innervation of, 874 
movements of, 874 
stiuoture of, 349 
Intiaocular piessure, 580 
Invertm, 304, 347 
Ins, movements of, 666 
In liability, 2 

speoiffo, 164 

Islets of Langerhans, 829, 495 
Isometiio contiaction, 107 
Isotomo contraction, 107 

# 

Katabolio neives, 271 
Katabohsm, 4 
Kataorotic pulse, 229 
Katalytio phenomena, 29 
Katelectrotonus, 169 
Keiatin, 47 
‘ Keraleitei,’ 183 
Keys, 699 

Kidneys, functions of, 434-466 
innervation of, 464 
metabolic functions of, 466 
structuie of, 454 
woik of, 464 j: [ - ' ' 

Knee-jerk, 609 ^ ' 

Laotase, 332 
Lactation, 690 
Lactic acid, 66 

of muscle, 134 
Lactose, 55 

inversion of, 332 
LfiBvulose, 64 
Lardacein, 46 

Laiynx, movements of, 429 
Latent peiiod of involuntary muscle, 
149 

of voluntary musole, 105 

Leoithm, 49 
Lenome, 34, 333 
Leucocytes, chemistiy of, 73 
emigiation of, 281 
formation of, 73 

of fibnn feiment fiom, 
82 

varieties of, 60 
Livei, secietion of, 388 

formation of urea in, 438, 481 
of glycogen in, 364, 490 
of sugar m, 490, 492 
Lungs, circulation m, 422 
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Lungs, gaseous interchanges m, 386- 
401 

Lymph, 286-297 

Lymph-flow in plethoia, 283 

Lysine, 36 

Maltasb, 304, 336 
Maltose, 54 

Manometer, Hmthle’s, 216 
max. and mm , 217 
meioimal, 193 
Mare^’s law, 261 
Mastioation, 368 
Menstruation, 687 

Metaboham of carbohydiatea, 489-496 
of fat, 485-488 
of proteins, 443, 478-484 
Methaamoglobm, 64 
Micturition, 467-472 
Milk, coagulation of, 324 
composition of, 608 
secretion of, 691 
Milk-sugar, 56 
Millon’s leaction, 38 
Mono-saccharides, 61 
Motoi centres, 667 

tracts m biaiu, 627 
cord, 698 

Mncms, 45 
Mucoids, 4o 
MiUler’s law, 618 
Muscle, 14, 87 ct sag 

absolute force of, 107 
action of constant cuirent on, 
97 

of diugs on, 142 
chemical changes in activity, 
135 

chemistry of, 131 
contraction of, 102 
decomposition of cieatm in, 
441 

diieot excitability of, ')6 
effect of temperature on, 140 
electrical changes in, 119 
excitation of, 96 
extensibility of, 111 
fatigue of, 141 
gaseous interchanges of, IdS 
heat-production in, 114 
isometric contraction of, 108 
isotonic contraction of, 107 


Muscle, latent peiiod of, 106,149 
meohanioal efficiency of, 117 
proteins of, 131 
secondary contraction of, 130 
source of energy of, 137 
struoture of, 87 
tone of, 608 

unatiiated, physiology of, 149- 
. 166 

struotuie of, 89 
voluntary contiaction of, 146 
work of, 113 
Muscle-plasma, 181 
Mnaole-sound, 145 
Muscles of frog’s leg, 98 
Muscular actions, oo-ordmation of, 
643 

eneigy, souiee of, 497 
mechanisms of digestion, 363- 
376 

of micturition, 469 
of respiration, 377 
Muscular sense, 631 
tone, 608 
Myogen, 132 
Myogiaphs, 103-105 
Myohosmatin, 133 
Myopia, 669 
Myosin, 132 

Negative variation, 122 
Negativity, 125 
Nerve, 169-188 

conduction in, 169 
degeneration in, 584 
double conduction in, 163 
effect of injury on, 179 
electrical change in, 164 
excitation of, 167, 171, 174 
excitation of human, 173 
fatigue 10 ,177,188 
heat-foimation in, 1G5 
influence of terapeiature on, 179 
drugs on, 180 

polajisation phenomena in, 182 
piopagation m, 162 
retiograde degeneration of, 5 
structure of, 160 
!/^erve-oell, function of, 691, 680 
struoture of, 688 
Nerve-cells of cord, 594 
Neive-oentres m medulla, G41 
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l^erve-degenevation, influence on vaso- 
constriotors, 269 
Nerve-roots, 20, 682, 603 
Nerves, oiamol, 634-640 
depressor, 272 
pelvic, 874, 470 
pilomotor, 474, 674 
pressor, 272 

secietory, to salivary glands, 
313 

to stomach, 326 
splaaiohnic, action on blood- 
pressure, 267 
on intestine, 367 
oiigin of, 677 
vagus, see Vagi 
vaso-dilator, 268 
voso-motoi, 260, 266 
visceral, 21, 670 
Nervi eiigentes, 268 
Nervous impulse, 162 

nature of, 18,187 
system, 16, 682-681 

viBoeial, 669-684 
Neoioglia, 592 
Neuiokeiatm, 47 
Neuron, 690 
Nissl’s gianules, 691 
Nitrogen, assimilation of, 26, 478 
Nitrogenous equilibnum, 483 
NoBud mtalf 402 
Nucleic acid, 43 
Nuclein, 42 
Nucleo-protems, 42 
iDjeotion of, 82 


(Edema., inflammatory, 281 
Olfactory sense, 641 
Oncometer, 262 
Ophthalmometer, 664 
Ornithine, 36 
Osazones, 62 

Osmotic presBuie, deflmtion, 464 
Oxidation m tissues, 396 
mechanism of, 28 
Oxydases, 29 

Oxygen, influence of changes m ten¬ 
sion, 407, 419 
intramoleculai, 189 
Oxyheamoglobm, see Hasmoglobm 
Oxypiolme, 36, 333 


Pain, 629 
Pancreas, 328 

sugar-function of, 495 
Panel eutio flstula, 329 

]moe, action of, 331-337, 853 
Paradoxical conti action, 186 
Parathyroids, 619 
Partuiition, 689 

Pelvic nerve, action on colon, 374 
on bladder, 470 

Pepsin, 826 

Peptone-plasma, 83 * 

Peptones, 42 

piopeities of, 320 
Phagocytes, 281 
PhakoBCope, 653 
Phenyl-alanme, 86, 832 
Phloridzin, action of, 493 
PhotohfBmatachometer, 203 
Pigments of bile, 343 
of urine, 452 

Pilomotor nerves, 474, 673 
Pmeal gland, 619 
Pitmtary body, 519 
Plasma, blood, 68 
muscle, 131 
Plasnune, 79 
Plethora, 283 

hydiosmio, 294 
Polaiisation, 119 

m nerve, 182 
Polypeptides, 87, 335 
Poly-saochondes, 56 
Presbyopia, 660 
Pressoi neives, 272 
Prohne, 86, 388 
Piotamines, 36 
Protems, absorption of, 366 
chemistiy of, 31-47 
olassiflcation of, 38 
conjugated, 42 
oiystoUisation of, 32 
dismtegration of, 33 
halogen derivatives of, 40 
metabolism of, 443, 478-484 
of milk, 608 
of muscle, 131 
pancreatic digestion of, 332 
requirements of man, 483 
tests foi, 37 
Prothrombin, 81 
Protoplasm, definition, 6 
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Paeudo-globiilm, 76 
Ptyalm, 804, 806 
Pulse, 196, 223 
Punne bases, 449 


Bbaotion, 16 

time, 606 

Eeourrent sensibility, 687 
Heflex action, 17, 606, 642 

• in peripheral ganglia, 683 
Befractory period, 240 
Bemak’s ganglion, 286 
Bennin, 804, 823 
Beproduotion, 686-693 
Bespiration, 12, 877-427 

chemistry of, 886-401 
oataneouB, 476 
internal, 14 

nervous meohamsm of, 402 
of muscle, 136 

Bespiratoiy quotient, 188, 387 

undulations in blood-pressure, 
423 

intei change of gases, 380-401 
Betina, functions of, 603 
stiucture of, 661 
Detractor penis, 149 
Bheoohoid, 704 
Bheoscopic frog, 180 
Eheotome, 128 

Bhythm of unstnated muscle, 160 
Bibs, movements of, 380 
Bigoi mortis, 138 
Bods, 602, 666 

Saliva, 306-316 
Salts, absorption of, 866 
of mine, 461 

Sarcolaotic acid in muscle, 133 

Sorcomeie, 90 

Saicoplasm, 90 

Sarcosine, 36 

Saioostyle, 90 

Sebaceous glands, 473 

Secretin, 330, 341 

Secretion, histological changes during, 
308, 326 
paralytic, 816 

relation to lymph production, 
291 

salivary, 307 


Secretory nerves, to pancreas, 330 
to solivai'y glands, 313 
to stomach, 326 

Semiciroular canals, functions of, 636 
Sensation, 622 

auditory, 64 4 

cortical representation of, 660 
cutaneous, 626 
gustatory, 639 
olfactory, 641 
muscular, 631 
paths in brain, 681 
in cold, 603 
static, 634 
temperature, 628 
visual, 670 
Senses, 622-681 
Sensory areas, 660 
Seime, 82 

Skm, functions of, 473-477 

sensory functions of, 626 
SmeU, 641 
Soaps, 49 
Speech, 428 
Sphygmographs, 224 
Spinal cold, 20, 582-611 

nerve cells of, 694 
paths of impulses in, 608 
leflex functions of, 606 
structure and tracts of, 
682-602 

white matter of, 696 
roots, degeneiation of, 586 
Splanchnic nerves, action on blood- 
pressure, 267 
on intestine, 367 
oiigin of, 677 

Spleen, 613 

functions of, 515 
1 elation to blood-fonnation, 
72 

‘ Staircase ’ phenomenon, 239 
Stannms’ ligature, 236 
Starch, 65 
Static sense, 534 
Steapsm, 304, 831 
Stomach, digestion in, 316 
movements of, 365 
Stroma, 58 

chemistry of, 67 
‘ Stromuhr,’ 201 
Succua enteiicua, 847 
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Sugar of milk, 55 
Sugars, ohemistry of, 61-66 
Summation m heart-muscle, 239 
of contractions, 110 
of stimuli, 161, 606 
Supiarenal oapsules, 620 
Sweat, secretion of, 474 
Sj^mpathetio ganglia, effect of mootme 
on, 266, 683 

neives to heart, 246, 248 
system, 21, 670 

vaso-constriotor action of, 
266 

Tamboue, 216 
Tactile sensations, 626 
Taste, 530 

Taurocholic acid, 642 
Teais, secretion of, 679 
Temperatuie, regulation of, 601 
sense, 528 

Tendon phenomena, 609 
Tension, mfluenoe on heart-muscle, 
239 

of gases in blood, 392 
Tetanus, 111 
Thermopile, 115 
Thrombin, 80 
Thiombogen, 82 
Thrombokinaae, 82 
Thrombus, formation of, 83 
Thymus gland, 516 
Thyroid gland, 617 
Traube-Henng curves, 277 
Trypsine, 304, 331-335 
Tryptophane, 36, 333 
Tyrosme, 34, 334 

Urea, 435 

origm of, 437-443 
Uno acid, 444-449 
Unne, composition of, 434 

nitrogenous constituents of, 
436-463 

pigments of, 462 
salts of, 451 


Uime, secretion of, 464-466 
Urobilin, 69, 462 
Uroohrome, 462 

Vagi, action on bronchi, 418 
on heart, 247 
on mtestmes, 872 
on oesophagus, 866 
on respiration, 409-416 
on stomach, 367 ^ 
cardiac branches of, 246 
functions of, 640 
secretory fibres of, 330 
Vascular mechanism, 189-286 
system, capacity of, 199 
Vaso-dilator nerves, 268 
Vaso-motor impulses m cord, 606 
nerves, 260 

course of, 266 
Veins, extensibihty of, 191 
pressure in, 192 
pulse m, 282 
structure of, 190 
velocity m, 204 
Ventilation, 421 
Veratrine, 142 
Visceral neives, 21, G70 

nervous system, 670-684 
Vision, 660-680 

binoculai, 667 
colour, 672 
stereoscopic, 679 
Voice, production of, 431 
Voluntary conti action, 146 
Vomitmg, 369 
Vowel sounds, 431 

Work of heart, 253 
of muscle, 113 

Xanthopeoteig reaction, 88 

Zymogen, 311 

m pancreas, 331 
in stomach, 325 
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Anatomy ^ Physiology 


Human Anatomy: a Treatise by various Authors. 

Edited by HsiNitT Mobbib, M A, M B Lond., F B C S , Sttrgeon to, ajid 
Lecturer on Surgery at, -the Middlesex Hospital Third Edition 846 
Dluatratioiia, of whudi 267 are in several colours 80s net 

Anatomical Terminology, with Special Refer- 

ence to the B NA. By Llbwbllts F Barkbb, M D , Professor of 
Mediome, Johns Hopkins University, Baltimore. With mustrations and 
2 Coloured Plates 6s net 

A Manual of Practical Anatomy. By tie late Pro- 

fesBor Alfbbd W Hughes, M B , M C Edin, Professor of Anatomy, King's 
College, London Edited and completed by Abthub Keith, M D , Lecturer 
on Anfl.tomy, London Hospital Medical College In three parts. Part I, 
10s 6d Part n, 8s 6d Part EH, 10s Qd 

Heath’s Practical Anatomy: a Manual of Dis- 

sections. Edited by J E Lam, F E C S , Surgeon and Lecturer on Anatomy 
at St Mary’s Hospital Ninth Edition 821 Engravings 12s 65 

Clinical Applied Anatomy; or, The Anatomy of 

Mediome and Surgery By Chables E Box, M D , F E C P Lond, Phy¬ 
sician to Out-patiente, St Thomas's Hospital, and W Mo An am E ogles, 
M S Lond, F E C S Eng, Assistant Surgeon, St Bartholomew's Hospital 
Illustrated by 46 Plates, of which 12 are coloured, and 6 Figures in the 
Text 12s Qd net 

Essentials of Surface Anatomy. By Ohxblhb e. 

Whittaxeb, L E C S , LJR C P, etc, Demonstrator of Anatomy, Surgeons' 
Hall, Edinburgh 2s 6d net 

Text-Book of Anatomy for Nurses. By Elizabeth 

E Bumt, mb. Member of the Medical Staff of the Woman's Hospital 
of Philadelphia With a GHossary and 191 mustrations, 34 of which are 
prmted m colours 7s Qd net 

Hunian Osteology. By Luthde Holdun. Eighth Edition, 

Edited by Chajilbs Stewabt, F E.S, and Egbert W. Ebid, M D , F E C S. 
69 Lithographic Plates and 74 Engravings 16s 

BT THE SAME AUTHOR 

Landmarks, Medical and Surgical. Fourth Edition. 

3s Qd 

Elements of Human Physiology. By Eenest H. 

Starling, MD, PEOP, FES, Jodrell Professor of Physiology in 
University College, London Seventh Edition 321 mustrations 128 net. 


An Introduction to Physiology. 

Laos,M 6 ,ChB 8 s net 


By L. A. Hodgkinbow 


Physiological Chemistry. A Text-book for Students 

and Practitioners By Charles E Simon, M D , late Eesident Physician, 
Johnfl Hopkins Hospital, Baltimore Second Edition 14s net 

— J. & A CHURCHILL — -—^— 
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Materia Medica ^ Pharmacy 


\ A Text-Book of Materia Medica for Students of 

^ Mediome By C E MarshalLj M D , Professor of Materia Medica and 

) Tlierapeutios m the University of St. Andrews 127 Ulustrationfl 

) lOs 6d net 

s Materia Medica, Pharmacy, Pharmacology, and 

) Therapeutics By W HaIiB Whith, M D , F E C P, Physician to, and 

) Lecturer on Medicine at, Guy's Hospital Nmth Edition Gs 6d net 

\ Southall’s Organic Materia Medica. Edited by 

) JoHiT Basolat, B So Lond Sixth Edition 7s 6d 

An Introduction to the Study of Materia Medica. 

) By ELninaT G Gbbhnish, P I C , F L S , Professor of Pharmaceutics to the 

) Pharmaceutical Society 218 Illustrations 16s 

\ BY THB SAME ATTTHOB, 

I The Microscopical Examination of Foods and 

S Drugs, in the Entire, Crushed, and Powdered States 168 Dluatrations. 

) 10s 6d net 

) AiSO, WITH BTJGBNB COLLIN, 

An Anatomical Atlas of Vegetable Powders. 

) 138 lUuatrations 12$ 6d net 

Practical Pharmacy. By E. W. Lucas, F.I 0., E O.S. 

) 288 niustrations 126 Od 

I The National Standard Dispensatory. By H A. 

) Habb, B Sc , M D , and others 478 lUuatrationa 31s 6d net 

( Medical and Pharmaceutical Latin for Students 

) of Pharmacy and Medicine By Eboinald E Bennett, Pharmacist and 

; Teacher of Pharmacy at University College Hospital, London 6s net 

( A Companion to the British Pharmacopoeia. By 

) Pbtbb Wyatt Squire, F L S , P 0 S Seventeenth Edition 12s 6d 

) BY THB SAME AUTHOR 

) Pocket Companion to the British Pharmacopoeia. 

) Leather, 7s 6d net 

? ALSO 

\ The Pharmacopoeias of thirty of the London 

(I Hospitals Arranged m Groups for Comparison Seventh Edition Gs 

j The Pharmaceutical Formulary: a Synopsis of 

/ the British and Foreign Phormacopcsias By Hbnrv Bbaslby Twelfth 

( Edition by J Oldham Braithwaitb 6s Qd 

( BY THB SAME AUTHOR 
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The Druggist’s General Receipt Book. Tenth 

Edition, 68 6d 

The Book of Prescriptions (Beasley) with an 

Index of Diseases and Eemedies Eewritten by E W Luo as, PIC, 
PCS Eighth Edition 6a net 

Tuson’s Veterinary Pharmacopoeia. Sixth Edition. 

Edited by Jambs Bayne, PCS 78 Qd net 


Year-Book of Pharmacy. Annually, lOs 
J. & A. CHURCHILL--' 
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Hygiene ^ Bacteriology 


The Theory and Practice of Hygiene. By j. Lane 

NoTTas, MD, late Professor of Hygiene in the Army Medical School, 
and W H Horrooks, M B , B So , Assistant Professor of Military Hygiene 
m the Staff Medical College Second Edition 15 Plates and 13^ other 
rUnstrations 268 

Manual of Hygiene. By W. H. Hamer, M D , Lecturer 

on Pnhho Health, St BartholomeVs Hospital, Assistant Medical Officer 
of Health of the County of London 93 lUustrations 12s 6d nei^ 

A Handbook of Hygiene and Sanitary Science. 

By Gbo Wilson, M A, M B , Medical Officer of Health for Mid-Warwick¬ 
shire. Eighth Edition. Hlnstrated 128 6d 

The Effects of Borax and Boric Acid on the 

Human System Third Treatise With Diagrams By Br. Oboab 
LxBBiuEiaH 68 net 

A Simple Method of Water Analysis, especially 

designed for the use of Medical Officers of Health By John C Thresh, 
M B Vio , B ScLond Fifth Edition, enlarged 2a 6d 

BY THE SAME AUTHOR 

The Examination of Waters and Water Supplies. 

19 Plates and 11 Figures m the Text 14s net 

ALSO, WITH ARTHUR B PORTER, M D , M.A CANTAB 

Preservatives in Food and Food Examination. 

8 Plates 148 net 

A Manual of Bacteriology, Clinical and Applied. 

By Richard T Hewlett, MB, Professor of Geneial Pathology and 
Bacteriology in King’s College, London Second Edition 20 Plates and 
66 Figures in the Text 12s 6d 

BY THE SAME AUTHOR 

Serum Therapy, Bacterial Therapeutics, and 

Yaccmes 20 Figures os net 

Clinical Diagnostic Bacteriology, including 

Serum- and Cyto-diagnosis By Alfred C Coles, MD,BSc, FRSE 
2 Coloured Plates Ss net 

A Text-Book of Bacteriology for Students and 

Practitioners of Medicine By G- M Sternberg, M B , Surgeon-Qeneral, 
IT S Army Second Edition 9 Plates and 198 Figiues m the Text 26b 

An Introduction to the Bacteriological Examina- 

tion of Water. By W H Horrooks, M B , B Sc Lond lOs 6d 

Lessons in Disinfection and Sterilisation. By 

F W Andrbwes, M B , FJR C P, Lecturer on Pathology, St Bartholo¬ 
mew’s Hospital 31 HLustrationa 3s net 

-- —Sc A. CHURCHILL ^ 



Pathology ^ Psychology 
Dictionaries 


Pathology, General and Special, for Students 

of Medicine By E Tanner BDbiwlbtt, Professor 

of General Pathology and Bacteiiology m King's CoUege, London 28 
Plates and 13 ULnstrations in Text Post 8vo 10a Qd net, 

A Manual of General or Experimental Pathology, 

for Students and Practitioners By "W S Lazabus-Barlow, M D , 
PROP, Director of the Cancer Eesearoh Laboratories, Middlesex Hospital, 
Second Edition 21s net 

BY THE SAME AUTHOR 

The Elements of Pathological Anatomy and 

Histology for Students 24s net 

Surgical Pathology and Morbid Anatomy. By 

Anthony A Bowlbt, PECS, Suigeon to St Bartholomew’s Hospital 
Fourth Edition 180 Engiavings lOs 6d 

The Pathologist’s Handbook: a Manual for the 

Post-mortem Eoom By T N Keltnaok, M D 126 Illustrations Pega¬ 
moid, 4fi 6d 

Psychological Medicine. By Maueice Oeaig, M.A., M.D, 

F E C P, Physician and Lectmer on Mental Diseases, Guy’s Hospital 
22 Plates 12s 6d net 

Mental Diseases: Clinical Lectures. By T. S. 

Clouston, M D , P.E C P Edin, Lecturer on Mental Diseases in the 
University of Edinbiu'gh Sixth Edition 30 Plates 148 net 

The Mental Affections of Children : Idiocy, Im- 

Ibeoility, and Insanity By "Wm W IbbiiAni), M D Edm Second Edition 
21 Plates 14s 

The Force of Mind; or, the Mental Factor in 

Medicme By Alfred T Schofield, M D , Hon Physician to Pnedenheim 
Hospital Third Edition 6s net 

BY TEE SAME AUTHOR 

Unconscious Therapeutics; or. The Personality 

of the Physician Second Edition 5s net 

ALSO 

The Management of a Nerve Patient. Ss net. 
The Journal of Mental Science. Published Quarterly, 

by Authority of the Medico-Psychological Association 5s 

A German-English Dictionary of Terms used in 

Medicine and the Allied Sciences By Hugo Lang, B A , and Bertram: 
Abrahams, MB,BSc,PECP 168 net 

Dunglison’s Dictionary of Medical Science. By 

Thomas L Stbdman, M D Twenty-third Edition 677 Illustrations, 
mcluding 84 page-plates 348 net 

A Medical Vocabulary; an explanation of Terms 

and Phrases used in Medical Science, then Derivation, Meaning, Appbca- 
tion, and Pronunciation By E G Mayne, M D , LL D Seventh Edition, 
by W W Wagstaffe, B A , F E C S , and G D Parker, M B 12s M 

--, j. sl a. CHURCHILL ^ 



Medicine 


A Text-Book of Medicine. Begun by the late 0. 

Hilton TAQaB, M D , completed and re-written by P H Ptb-Smith, 3VC D , 
P E S Ponrth Edition 2 vole 42s 


Manual of the Practice of Medicine. By Fekdeeick 

Tatlob, M D , F E C P , PbyBician to, and Lecturer on Medicine atj Guy's 
Hospital Seventh Edition Hlustrated 16a net ^ 

A System of Clinical Medicine for Practitioners 

and Students By Taos D Savill, MD,MECP In2 vols 4 Coloured 
Plates, and 286 Ihgures m the Text Yol I Local Diseases and Pyiexial 
Disorders, 12s 6d net, Yol II Diseases of the Skin, the Nervous System, 
etc, 8s 6d net 


A Short Practice of Medicine. By Eobeet A. FLBMma, 

MA,MD,FECPE,FESE, Lecturer on Practice of Medicine, School 
of the Eoyal CoUeges, Edinburgh, Assistant Physician, Eoyal Infirmary, 
Edinburgh Dlus&ated, partly m colour lOs 6cZ net 

The Practice of Medicine. By M. Chaeteeib, md.. 

Professor of Therapeutics and Matena Medica in the University of Glasgow. 
Eighth Edition Edited by F J Chabtbris, M B , Ch B Illustrated 10/r 

Student’s Guide to Medical Diagnosis. By Sakuei 

Fbnwiok, M D , F E C P, and W Soltau Fbnwiok, M D , B S Ninth 
Edition 189 Engravings 9s 


Text-Book of Medical Treatment (Diseases and 

Symptoms) By Nhstob I C Tibabd, M D , F E C P, Professor of the 
Pnnciples and Practice of Mediome, King's College, London 16s 

A Manual of Family Medicine and Hygiene for 

India Published under the Authority of the Government of India By 
Sir William: J Moobb, K C I E , M D Seventh Edition edited by Manor 
J H Tull Walsh, I.M S 70 Engravings 6s net 

The Blood: how to Examine and Diagnose its 

Diseases By Alfbed C Coles, M D , D.Sc, F E S Edin Third Edition 
7 Coloured Plates 10s 6d net 


Lectures on Medicine to Nurses. By Hbebert E. 

Cuff, M D , F E C S , Medical Superintendent, North-Eastern Fever Hos¬ 
pital, London Fourth Edition 29 niustrations 3s 6d 

How to Examine the Chest. By Samuel West, 

M D, F E C P, Physician to St Bartholomew's Hospital Third Edition 
46 Engravings 6s 


— ~J. & A. CHURCHILL ---- 
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Medicine 


Ulcer of the Stomach and Duodenum. By Sahuxl 

Fbnwiok, M D , S’ E C P , and W SoiiTAu Pbnwiok, M.B , B S 66 ULub- 
trations lOa. 6d 

BY THE SAME ATJTHOBS. 

Cancer and other Tumours of the Stomach. 70 

lUiistratioiLS. 10s 6d 

On Carbohydrate Metabolism, with an Appendix 

on tlie Assimilation of Carboliydrate into Proteid and Pat, followed by the 
Pimdamental Principles and tiie Treatment of Diabetes di^ectioally dis¬ 
cussed By rBBDBBiaK *W PavTj M D , LL D , F E S ^ F E C P., Consulting 
Physician to Guy’s Hospital "With 8 Plates 68 net 

The Schott Methods of the Treatment of Chronic 

Diseases of the Hearty with an account of the Kauheim Baths^ and of the 
Therapeutic Exercises By W Bhzlt Thobnb, M D , M E C P Fifth 
Edition Illustrated ds net 

The Clinical Examination of Urine, with an 

Atlas of Dnnary Deposits By Lindlet Soott, M A, M D 41 original 
Plates (mostly in colours) 15s net 

Urinary Examination made easy. By T. Oajj- 

BUTHBBs, M B, Oh B Is 6d net 

Some Disorders of the Spleen. By FuaDHEioK 

Tatlob, M D , F E C P j Physician tOj and Lecturer on Medicine at, Guy’s 
Hospital 88 net 

Rational Organotherapy, with Referenco to 

Uroseimology Translated from the Eussian Text by Professor Dr. A 
VON PoEHii, Professor Pbinob J von Taboblanoff, Dr Alf von Pobhb, 
and Dr. P Waohs Vol I Ys 6d net 

On Gallstones, or Cholelithiasis. By E M. Beoce- 

BANK, M D Vict, M E G P Lond, Honorary Physician to the Ancoats 
Hospital, Manchester Ys 

Obstinate Hiccough: the Physiology, Pathology, 

and Treatment. By L F B Knuthsen, M D Edm 68 

On Syphonage and Hydraulic Pressure in the 

Large Intestme, with their Bearmg upon the Treatment of Constipation, 
Appendicitis, etc By Ealph Winnington Leftwich, M D Ss net 

Uric Acid as a Factor in the Causation of 

Disease By Abexandeb Haig, M D , F E C P, Physician to the Metro¬ 
politan Hospital Sixth Edition Y6 Illustrations 168 

bt the same author 

Uric Acid, an Epitome of the Subject. Second 

Edition. 2s 6d net 


Diet and Food considered in 


Strength and Power of Endurance, Training, and Athletics 
28 net 

J. & A. CHURCHILL -- - 
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The Operations of Surgery: intended for use 

ByW H a Jaoobbon.MCIiOxoh, 
C S, SMgeon Guy's Hospital, and P J Stbwabd, M B Loud, PH C S, 
^Bifitant Sxirg60n, Gruy's Hospital Fourth. Edition 2 vola. 660 lUus* 
trations 428 

Surgery; its Theory and Practice. By William 

i j F R C S, Surgeon to St Bartholomews Hospital •> Nmth 

Edition^ by W G- Spbnokr, F R C S , Surgeon to the Westminster Hospital 
620 EngravmgB (including 24 SkLagrams) 18s net 

The operative Surgery of Malignant Disease. 

By Hbnet T Butlin, F R C S , Surgeon to St Bartholomews Hospital, 
Second Edition. 12 Engravings 148 

Surgical Pathology and Morbid Anatomy. By 

^THONT A Bowibt, F R C S , Surgeon to St Bartholomews Hospital 
Fourth Edition 186 Engravings 10s 6d 

A Manual of Surgical Diagnosis. By James Berry, 

B S Lond, F R C S, Surgeon to, and Lecturer on Surgery at, the Royal 
Free Hospital 68 net 

A Synopsis of Surgery. By R. F Tobin, Surgeon to 

Diiblm Second Edition Interleaved, leather. 

Heath’s Manual of Minor Surgery and Bandar:- 

mg. Thirt^nth Editi^ Eevised by Bilton Pollaed, PECS, Surgeon 
to University College Hospital 198 Engravmgs 0s net 


BT THB BAMB AUTHOJR t 

Jaws. Fourth Edition. 

Londet M S, P E C S, Assistant Suigeon to the 

irondon Hospital 187 Wood Engravings 14s | 

ALSO 

Clinical Lectures on Surgical Subjects delivered 

at University CoUege Hospital. Pu^st Senes, 6s . Second Series, 6s 

on the General Princinles of thf» 

j by 

Q—---^ — J. & A. CHURCHILL ------ _- _ 



Surgery ^ Anaesthetics 


The Surgery of the Alimentary Canal. By Aii-EEc 

Eknbst MatlabDj M B Lond and B S, Senior Surgeon to the Tictona 
Infirmary, Glasgow 27 Swantype Plates and 89 Figures m the Text 26s 


BT THB SAME ATJTHOB 

A Student’s Handbook of the Surgery of the Ali- 

mentaiy Canal 97 lUustiations 8s Qd 

ALSO 

Abdominal Pain : its Causes and Clinical Signi- 

fioance Second Edition 7s 6d net 

Clinical Essays and Lectures. By Howakd Marbh, 

F E C S, Professor of Surgery m tlie University of Cambridge 26 Ulus- 
trations 78 Qd 

Ovariotomy and Abdominal Surgery. By Harmson 

Gbipps, PECS, Surgical Staff, St BartbolomeVs Hospital Numerous 
Plates. 26s 

Diseases of the Thyroid Gland and their Surgical 

Treatment By Jambs Bbhey, B S Lond, F E. C S, Siu’geon to the Eoyal 
Free Hospital 121 Illustrations 148 

Hare-lip and Cleft Palate. By R. W. Mtteeay, 

F.E C S , Suigeon, David Lewis Noi*them Hospital 26 Illustrations 3s 

Modern Bullet-Wounds and Modern Treatment, 

With Special Eegaid to Long Bones and Joints, Field Appliances and First 
Aid By Major F Smith, BS0,EAMC 38 net 

Surgical Emergencies. By Paul Swain, F R.C.S., 

Surgeon to the South Devon and East Cornwall Hospital Fifth Edition 
149 Engravings 6s 

The Accessory Sinuses of the Nose. By A Logan 

Tuhnbr, M D Edin, Suigeon foi Diseases of the Ear and Throat, Deaconess 
Hospital, Edinhiugli 81 Illustrations 128 net 

On the Development and Anatomy of the Pros- 

tate Gland By W G Eiohardbon, MB, BS, FECS, Assistant 
Surgeon at the Eoyal Infiimaiy, Newcnstle-on-Tyne Heath Scholarship 
Prize Essay 47 Plates lOs Qd net 

Chloroform: a Manual for Students and Practi- 

tioners By Edward Lawrib, M B Ediu , Lieut -Col IMS, Eesidency 
Surgeon, Hydeiabad Illustrated 5s net 

A Guide to Anaesthetics for the Student and 

General Practitionei By Thomas D Luke, MB FECS, Edmhuigh 
Third Edition 4-3 Engiavings 5s not 


o 
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Neurology ^ Urinary Disorders 


Paralysis and other Nervous Diseases in Child¬ 
hood and Early Life By Jambs Tatlob, MD, EBCP, Physiman 
National Hospital for Paralysed and Epilepbo, Queen Square 74 IBub- 
trations 12s Qd net 

A Manual of Diseases of the Nervous System. 

By Sia William It Gowbbs, M D , F E S 

VoL. I.— Nerves and Spinal Cord. Third Edition, hy 

the Author and Jambs Tatlob, M! D , F R C P 192 Engravings 


f6s 


BY THB SAME AUTHOR 

Clinical Lectures on Diseases of the Nervous 

System 7s 6d 

ALSO 

Subjective Sensations of Sight and Sound, Abio- 

trophy, and other Leotures on Diseases of the Nervous System 18 lUua- 
trationa 68 net 

ALSO 

Epilepsy and Other Chronic Convulsive Diseases; 

their Causes, Symptoms, and Treatment Second Edition 10s 6d 

Text-Book of Nervous Diseases for Students and 

Practitioners of Medicine By Charles L Dana, M D Fourth Edition 
246 JHustratioziB 20s 

The Treatment of Nervous Disease. By J. J & 

Brown, M D , Assistant Physician, Royal Infirmary of Edinburgh 16s net 

Selected Papers on Stone, Prostate, and other 

Dnnary Disorders By Reginald Harrison, PROS, Surgeon to St 
Peter's Hospital 16 Dlustrationa 6s 

Obscure Diseases of the Urethra. By E. Htjert 

Fbnwiok, F R C S j Surgeon to the London Hospital 03 niustrations 

68 6d. 

BT THE SAME AUTHOR 

Obscure Diseases of the Kidney, the Value of 

TJreteno Meatoscopy in then Diagnosis and Treatment 14 Plates and 43 
Figures in the Text 08 6d 

ALSO 

operative and Inoperative Tumours of the 

Drinary Bladdei 39 Eluatrations 68 net 

ALSO 

Tumours of the Urinary Bladder. Ease. I. Ss net. 

ALSO 

Ulceration of the Bladder, Simple, Tuberculous, 

and Mahgnant a Chmcal Study Illustrated 5s 

ALSO 

A Handbook of Clinical Cystoscopy. 31 Plates and 

144 Figures in the Teict 18s net 

ALSO 

Atlas of Electric Cystoscopy. 34 Coloured Plates. 

218 net 


J. 56 A. CHURCHILL 
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Midwifery ^ Gynaecology 
Medical Jurisprudence 


Manual of Midwifery, including all that is likely 

to be required by Students and Practitioners By Alfbbd L GaiiAbin, 
MA., MD, PECP, Consulting Obatetno Physician to Ghiy’s Hospital 
Sixtb Edition 329 Engravuigs, 14s. net 

Manual of Midwifery. By T. W. Bden, M.D., 

C M Edm, E E C P Lond, Assistant Obstetno Physician and Lecturer on 
Practical Midwifery, Charing Cross Hospital 26 Plates and 283 IHustra- 
tions in the Text 10s 6d net 

A Short Practice of Midwifery, embodying the 

Treatment adopted m the Eotunda Hospital, Dublin By Hbnbt JbliiBtt, 
MD, BA..ODub, Ex-Assistant Master, Rotunda Hospital Pourth 
Edition 162 HLu^ations. 8s 6d 


BY THB BAMB AUTHOR. • 

A Short Practice of Midwifery for Nurses, with 

a Glossary of the Medical Terms used m the Book Second Edition 
4 Coloured Plates and 184 Illustrations 6s 6d net 

A Short Manual for Monthly Nurses. By OaAEiBB 

J CuiiiiiNOWOBTH, MD, EHfCP, Obstetno Physician to St Thomas'ff 
Hospital, and M A Atkinson, Matron of the General Lying-in Ho^ital, 
Lambeth. Fifth Edition Is 6d 


Diseases of Women. By Aleeed l. g-alabiw, M.A., 

M D, F R C P, Consulting Obstetno Physician to Guy^s Hospital Sixth 
Edition 284 Engravings 16s net 

A Short Practice of Gynaecology. By b:enet Jbllett, 

M D , B A 0 Dub, Ex-Assistant Master, Rotunda Hospital, Dublin 
Second Edition 226 Illustrations 10s 6(2 

Outlines of Gynaecological Pathology and Morbid 

Anatomy By C Hubbbt Roberts, M D Lond, Physician to the Samar¬ 
itan Free Hospital for Women 161 lUuatrationfl 21s. 

Lectures on Medical Jurisprudence and Toxi- 

oology By Fred J Smith, M D , F R C P , Lecturer on Forensic Medicme 
and Toxicology at the London Hospital 78 Qd 

Medical Jurisprudence: its Principles and Prac- 

tice By Alrrbd S Taylor, MD, FRCP, FRS Fifth Edition, by 
Frhd j Smith, M D , FRCP, Lecturer on Medicine at the London 
Hospital 2 vols 89 Engravings 308 net 

J, & A. CHURCHILL-' ' 



Ophthalmology 
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Nettleship’s Diseases of the Eye. Sixth Edition. 

Eevised and Edited by W T Holmbs Spicbe, M B , E E C S , OphthaJimo 
Surgeon to St BartliolomeVe Hospital 161 Engranngs 8s Qd 

Me^hcal Ophthalmoscopy: A Manual and Atlas. 

PonrfclL Edition By Sib W R Gtowbbs, M D , P E S , and Maeous Q-ttnNj 
M B, E R C S j Surgeon to the Eoyal London Ophthalrmo Hospital Auto¬ 
type Plates and 'Woodcuts 14s net • 

Manual of Ophthalmic Surgery and Medicine. 

By W H H Jbsbop, M A, E E C S , Ophthalnuc Surgeon to St Bartliolo- 
meVa Hospital 5 Coloured Plates and 110 Woodcuts 9s 6d 

Practical Handbook of Diseases of the Eye. By 

D Chalmbeb Watson, M B , Ophthalmic Physician, Marshall Sheet Dis¬ 
pensary, Edinburgh Second Edition 9 Coloured Plates and 31 Pignrea 
m the Text 6s net 


Diseases of the Eye. By Cecil Edwaed Shaw, M.D,, 

M Ch, Ophthabmo Surgeon to the "CQater Hospital for Children and Women, 
Belfa^ With a Teat-Card for Colour Bhndness 3s 6d 


Refraction of the Eye: a Manual for Students. 

By GtrsTAVTjs HABTEmoE, EECS^ Surgeon to the Eoyal Westminster 
Ophthalmic Hospital Eourteenth Edition 109 Ulustrations, also Test- 
t^es, etc 5s net 

BY THB SAME AUTHOE 

The Ophthalmoscope: a Manual for Students. 

Eourth Edition 65 Illustrations and 4 Plates 4s 6d 


< Ocular Therapeutics according- to the most 

) Eecent Discovenes, By Dr A Daeibe Translated by Sydney Stephenson, 
; M B , C M, Ophthalmic Surgeon to the Evelina Hospital and the Norfch- 

^ Eastern Hospital for Children 10s 6d net 

I Elementary Ophthalmic Optics, including Oph- 

thalmoflcopy and Eetmoscopy By J Heebbbt Paesons, B S , B So, 
^ E E G S, Cuiator, Eoyal London Ophthalmic Hospital 66 Illustrations 

) 6s 6d 

) 

^ Royal London Ophthalmic Hospital Reports. 

) By the Medical and Sui'gical Staff Vol XVI, Pait IV 6s net 

' Ophthalmological Society of the United King- 

1 dom Transactions Vol XXVI 12s 6d net 

O —--j. & A. CHURCHILL '-- 
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Otology ^ Paediatrics ^ Dentistry 


Some Points in the Surgical Anatomy of the 

‘ Bone from Birth to Adult Life By Arthur H Chdatlb, 

Auial Surgeon to King’s College Hospital 112 niiistrations 


Diseases of the Ear, including the Anatomy 

Physiology of the Organ, together with the Treatment of tho Affections 
wthG Nose and Pharynx By T Mark Hovbll, Senior Aiiml Surgeon to 
tliG London Hospital Second Edition 128 Eugiiivings 21s 

The Diseases of Children. By James P. GrOoDHAitT, 

. M D, p E C P, and Q- P Stix.Ii. M D , P R C P , Piofessor of tlio Diaoasos 

• or Cliildren, King’s College Eighth Edition 12s 6(2 not 

The Wasting Diseases of Infants and Children. 

By Eustaob Smith, M D , FRCP, Physician to tho King of ili<3 Belgians, 
and to tlie East London Hospital foi Children Sixth Edition 0» 

On the Natural and Artificial Methods of Feed- 

lUg Infants and Young Cluldioii By Edmund Oautlky, M D , Physician 
to tho Bolgrave Hospital for Cliiklron Second Edition 7s 6(Z 

Dental Anatomy, Human and Comparative; a 

Manual By Chajilbs S Tombs, M A, P R S Sixtli Edition 2H6 En¬ 
gravings 12s 6d net 


BY THE SAME AUTHOR 

A System of Dental Surgery. By Sir John I’oMisa, > 

P*’]?! S Revised by C S Tomes, M A . P R S , and W vltwr S. Nowblii, 

M A Oxon Fifth Edition 318 Engravings 15s not 

Practical Treatise on Mechanical Dentistry. 

By J OSHPH Riohardson, M D , D D S Seventh Edition, re ised and edited 
by George W Warren, BBS, 690Engi-avmgs 22s 

Decay In Teeth: an Investigation into its 

Cause and Prevention By J Sim Wallace, MB, l)Sc,LDSRGS 
Second Edition 6s 


A Manual of Dental Metallurgy. By Eunkst a 

SwiTir, Assay Office, Sheffield Second Edition 38 Ulus tuitions 6b OtZ 

Dental Materia Medica, Pharmacology, and 

Tlieriipeutioa By Ohablus W Glabsington, M E C S , L D S Edin , Somoi 
DontoJ. Soigeon, ’WastnHuster Hospital 6s ’ 
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Tropical Diseases ^ Dermatology 


The Malarial Fevers of British Malaya. By 

{ Ha-Milton 'W’BiCfHT, M D (MoQ-ill), Director of the Institute for Medical 

) lE^searchj Federated Malay States Map and Charts 38 net 

^ BY THB SAME AUTHOR 

I The Etiology and Pathology of Beri-Beri. With 

^ Map and Charts Ss net 

Beri-Beri: its Symptoms and Symptonfatic 

! Treatment By Pbbot N Gbrbabd, M.D , District Surgeon, Federated 

; MaJay States Civil Service 2s 0d net 

j BY THE SAME AUTHOR 

> Extracts from the above. Is Qd. net. 

{ On the Causes and Continuance of Plague in 

^ Hong Kong, witli Suggestions as to Kemedifll Measures, a Eeport presented 

S to the Secretary of State for the Colonies By W J Simpson, M D , 

S F E C P Numerous Charts and Diagrams 10s net 

\ On the Outbreak of Yellow Fever in British 

\ Honduras m 1905, together with an Account of the Distribution of the 

Stegomyia fasoiata in Belize, and the Measuies necessary to Stamp Out 
\ or Piovent the Occurrence of TeUow Fever, a Eepoi-t presented to the 

S Government of that Colony By Eubhrt Boyob, M B , F E S Illustiatod 

; with numerous Plates and Plans Foho 39 6d net 

) A Handbook on Leprosy. By S P Impby, MD, 

late Chief and Medical Superintendent, Eobbon Island Leper and Lunatic 
Asyliiras, Cape Colony 88 Plates 12fl 

\ A Ma miaJ of Diseases of the Skin, with an 

20,000 Consecutive Cases and a Formulary By Dunoan E 
A^^ ^^^ulbxby, mo , New York Fourth Edition. 0s 6d 

^^Skin Diseases of Children. By Gho. H, Pox, M.D, 

Clmical Profdtsor of Diseases of the Skm, College of Physicians and 
Surgeons, Nevf York 12 Photogravure and Chromographio Plates and bO 
—H ~ lUustratiojip in the Text 12s 0d 

> On Maternal Syphilis, including the Presence 

( aiid Eecognition of Syphilitic Pelvic Disease m Women By John A 

( Shaw-Maokbnzib, M D Coloured,Plates 10s 0d 

f The Diagnosis and Treatment of Syphilis. By 

) Tom Eobinson, MDSt And, Physician to the Western Skin Hospital 

; Second Edition. 38 0d 

) BY THE SAME AUTHOR 

\ The Diagnosis and Treatment of Eczema. Second 

( Edition 3a 6d 

^ Ringworm, and some other Scalp Affections: 

their Cause aud Cure By Batdn Bbown, L.E C P Ed. 6s 
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ii^heiiiistry, Inorganic and Organic. By Ohaeles 

L Bloxa-M Ninth Edition, by J M Thomson, F R S , Professor of Ch^- 
istry m King’s College, London, and A Q- Bloxam, FIC 284 En- 
gr*^avings 18s net 

The Elements of Chemistry. By M. M. Pattison Muib, 

M A, Follow of Cams College, Cambridge Illustrated lOs Qd net 

rh^Analyst’s Laboratory Companion: a Col- 

lection of Tables and Data for Chemists and Students By A E J ohnson, 
H Sc , F I G Third Edition 6s 6d net 

Commercial Organic Analysis: a Treatise on 

the Properties, Modes of Assaying, Proximate Analytical Examination, 
etc, of Organic Chemicals and Pioduots used in the Arts, Manufactures, 
etc In 7 vols By A H Allen, FIC [Prospectus on application ] 

v’^olumetric Analysis; or, the Quantitative. Esti- 

mation of Chemical Substances by Measure By Frangis Sutton, F.C S , 
F.I C Ninth Edition 121 Engravings 208 net 

\ Manual of Chemistry, Theoretical and Prac- 

tical By William A Tildbn, D Sc , FES, Professor of Chemistry m 
the Royal College of Science, London 2 Plates and 143 Woodcuts lOs 

Valentin’s Practical Chemistry and Qualitative 

fuid Quantitative Analysis Edited by Dr W R Hodokinson, F K S E , 
IProfessor of Chemistry at the Royal Military Academy, Woolwioli 
ISTintli Edition Engravings, 9s. (The Tables separately, 28 6d ) 

\ Handbook of Physics and Chemistry for the 

Conjoint Board By H E Corbin, B Sc Lond, and A. M Stewart, 
B Sc Lond Third Edition 106 DLluatrations 68 6d, net 

V Treatise on Physics. By Andeew Gray, LL D , P.R S., 

Professor of Natural Philosophy in the University of Glasgow Vol I 
Dynamics and Pioperties of Matter 850 Ulustrations 16s 

Practical Chemistry and Qualitative Analysis. 

By Frank Clowes, D So Lond, Professor of Chemistry m the Univeisity 
Coll, Nottingham Seventh Edition. 101 Engi’avings 8s 6d 

Quantitative Analysis. By Fbane Clowes, D.So Lond,, 

and J B Coleman, ARC Sci Dub , Professor of Chemistry, South-West 
Dondon Polytechnic Seventh Edition 126 Engravings 10s 

BT THE SAME AUTHORS 

elementary Practical Chemistry. Fifth Edition 

Part I General Chemistry 76 Engravings 2s 6(i net 
Part II Analytioal Chemistry 20 Engravings 2s 6d net 

ntroduction to Chemical Analysis. By Hugh 0 H. 

Candy, BA,B So,PIC, Lecturer on Chemistry m the London Hospital 
Medical College, Analyst to the London Hospital 3s 6d net 

Researches on the Affinities of the Elements 

and on the Causes of the Chemical Similarity or Dissimilaiity of Elements 
and Compounds By Geoffrey Martin, B Sc Lond IHustrated 16s net 
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The Microscope and its Revelations. By tlie 

late William B Cabpbnteb, G,B , M D , LL D , F R S Eighth Edition, 
by the Eev W H BALUNaER, LL D , P R S 23 Plates and more than 
800 Wood Enn’avmgs 28s Half-Calf 32s , or, in two vols, sold separately, 
cloth, 14s ea^ 

Vol I. The Microscope and its A-Ccessones 
Vol II The Microscope, its Revelations 

The Microtomist’s Vade-Mecum: a Handbook 

ojF the Methods of Microscopic Anatomy By Arthur Bollds Lets Sixth 
Edition 15s net 

The Quarterly Journal of Microscopical Science. 

Edited by E. Rat Lankhsthr, M A, LL D , P E S Each Humber, lOs net 

Manual of Botany, m two Vols. By J Retnolds 

G-bbbn, Sc D , M A, P R S , Piofeasor of Botany to the Pharmaceutical 
Society 

Vol I Morphology and Anatomy Third Edition 778 Engravmgs 7s 6cl 
Vol II Classification and Physiology Second Edition 466 Engravings. 
10s 

BY THE SAME AUTHOR 

An Introduction to Vegetable Physiology. 184 

Illustrations lOs 6d 

Therapeutic Electricity and Practical Muscle 

Testing By W 8 Hedlbt, M D , m charge of the Electro-therapeutic 
Depai'tmeut of the Loudon Hospital HO Bluatrations. Ss 6d 

A Handbook of Medical Climatology. By S. 

Edwin Solly, M I)., M R C S, late President of the American Clunatologicol 
Association Engravings and Coloured Plates 108 

Nursing, General, Medical, and Surgical, with 

an Appendix on Sickroom Cookery By Wilfred J Hadley, M D , 
P.R C P, Physician to the London Hospital Ss 6d 

About Dreaming, Laughing, and Blushing. By 

Sit Authub Mitoubll, E! C B Ss net 

St. Thomas’s Hospital Reports. By the Medical 

and Surgical Staff, Vol XXXIII Hew Series 8s 6d net 

Guy’s Hospital Reports, By the Medical and Surgical 

Staff Yol XLV Third Senes lOs 6d net 

Encyclopaedia Medica. Edited by Ohaimbbs Watson, 

MBjMRCPE In 14 Volumes -613 128 net 
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